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This report was prepared as an n account of Government sponsored work. Nenther the United Stotes.
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A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned nghts, or
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any information, apparatus, method, or process disclosed in this report. -
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As used in the obove,. person acting on behalf of the Commission” includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
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s vi HW-65459

BUDGETS AND COSTS

Costs for May were $1, 903, 000, an increase of $10, 000 from April.
Fiscal year to date costs are 84% of the amounts currently authorized
to Hanford Laboratories.

Hanford Laboratories research and development programs have the
following cost-budget relationship as of May 31.

(Dollars in Thousands) Cost Budget % Spent
HLO Programs
2000 Program $ 547 $ 615 89%
4000 Program 6 524 8 208 79
5000 Program 543 609 89
6000 Program 2 004 2 200 91
IPD Sponsored 3 041 3 605 84
CPD Sponsored 1637 1909 86
FPD Sponsored 10 10 100

RESEARCH AND DEVELOPMENT

1.

Reactor and Fuels Research and Development

The Phase III portion of PRTR construction is about 88% com-
pleted versus 95% scheduled based on a contract completion

date of June 24, 1960. The contractor has installed the calandria
vessel and the top shield and completed acceptance testing on one
of the suomersible river pumps. The reactor piping is currently
being prepared and installed.

The supplement (HW-61236 Sup 1) to the PRTR Final Safeguards
Analyses was reviewed by a Subcommittee of the ACRS on May 4
The proposed changes in the limits for exhaust air activity and
reactor thermal power were accepted. Steps are being taken to
comply with Subcommittee recommendations that a particulate
filter pe installed in the ventilation exhaust air stream and that
flow trip protection be provided for process tube leaks in the
range of 65 to 108 gpm.

Swaged UOg2 -apsules attained an estimated exposure of approxi-
mately 16, 000 MWD/T in the MTR and ETR. UO2 produced by

B%ﬁ%ﬁuia"iiﬁ
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the salt-cycle electrodeposition process was vibrationally
compacted and successfully irradiated to 3500 MWD/T at

heat fluxes in excess of 1, 250, 000 B’I‘U/hr/ft2 at the Zircaloy-2
surface.

Melting points 50 to 100 C higher than that of unirradiated UO2
were determined in preliminary studies of irradiated UO2 in a
shielded, high temperature microscopy facility.

A correlation of hardness and density for UO2-PuO32 pellets
has been established. The data will be used to evaluate in-reactor
sintering.

Initial radiometallurgical examinations of one portion of the
Zircaloy-2 process tube recently removed from KER Loop
No. 1 show: (a) no hydriding, (b) up to 50 per cent recrystal-
lization of the grain structure, and (c) that a suspected ''pit"
from borescope examinations was actually a spot of crud
deposit.

The third graphite irradiation capsule was installed in the
GETR in May, scheduled for four GETR cycles at EGCR
graphite operating conditions.

Graphite high temperature annealing studies indicate no
significant shrinkage due to annealing as a result of the
planned increase in K Reactor graphite temperature.

Seven, 12-inch long, 7-rod cluster, coextruded Zr-2/U ele-
ments with hot-headed and projection welded closures, were
discharged from KER after approximately 2000 MWD/T
exposure without rupture. Fuel elements of tube-tube
geometry veing tested in a KER loop under NPR coolant water
conditions have attained an exposure of about 2750 MWD/T
without incident.

Radiometallurgical examination of a coextruded Zr-2,U rod
which failed in KER Loop 1 in February 1560, has disclosed
thinning of the cladding along a line extending from the point of
failure which is not associated with an underlving crack.

In ex-reactor tests, irradiated pre-defected coextruded rods
disintegrated up to twice as fast in 300 C water as unirradiated
control samples.

124958y A



— viii HW-65459

A Zircaloy-clad, uranium core fuel rod with thermocouple
instrumentation is operating successfully in-reactor. Initial
operation showed no measurable cladding-to-bulk water film
temperature drop due to the build-up of an insulating crud
layer.

Candidate methods of fastening inner and outer tuoces of the
NPR fuel assembly to prevent sliding are being tested by
mockups of dummy systems. Developmental work on a

brazed NPR fuel element end closure continued during the
month. Fuel element supports formed from strips of AISI
1010 and 1020 steels have been wear tested and have performed
satisfactorily even when the contact area between the support
and autoclaved Zircaloy-2 is reduced to a point or line.

The study of {low rates of steam-water mixtures through
orifices under critical flow conditions was continued to gain
information valuable in reactor hazards calculations. It was
found by experiment that for certain orifices having sharp
edged entrances, two distinct critical flows existed for :ne
same upstream conditions. This fact was totally unexpec:ed.

Laboratory heat transfer experiments were continued to
determine the boiling burnout conditions of flows and heat
generation rates for the NPR tube and tube type fuel element.
Thirteen boiling burnout points were obtained that are appli-
canle to the outer cooling annulus of the fuel element.

2. Chemical Research and Development

Fission product release experiments at higher irradiation
levels did not show any significant change in uranium oxidation
rates or in fission product release.

Thermodynamic calculations showe that it was plausible t0
exg.ain the uranium fire in the Redox multipurpose dissolver
by simple assumptions relating amount of exposed metal, heat
generation and dissipation, gas rates, and geomertric effects.

Fluidized-~bed calcinations were carried out on simulated high
acid Purex wastes using a modified ANL feed nozzle. Under
proper conditions negligiole agglomerate formation and near

steady-state particle size were achieved.

1249485
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Operation of ion exchange equipment in the A cell of the High
Level Radiochemistry Facility continued without incident.

Product fractions of the rare earths of high purity (> 99 per
cent pure) were obtained. A second 'cold" run is underway.

The alkaline supernate in the boiling Purex 103-A waste tank
contains about 13 curies of cesium-137 per gallon. Both the
use of inorganic ion-exchangers and precipitation of zinc
ferrocyanide are methods which are technically feasible for
the recovery of the cesium.

The alkaline supernate in the boiling Purex 103-A waste tank
contains about 90 mg/gal of technetium, thus making kilogram
amounts of this element potentially available. Simple recovery
schemes are under investigation.

The ""C" column test facility to be used in the development of
a mathematical model for solvent extraction pulse columns
is in shakedown status. Operation to collect data on tape for
transmittal to the IBM 709 should begin next month.

Application of controlled potential coulometry to the determi-
nation of uranium(VI)/uranium(IV) ratios in uranium oxide
samples is a highly precise method. The development of this
method has been completed and the method has been transmitted
to the Analytical Laboratories Operation for routine use.

The application of controlled potential polarography to fused
salt systems promises to be an effective method for gaining
information of thermodynamic significance. New evidence for
the electrical conductivity of electrolytic UO2 was obtained.

Voltage scanning coulometry is a powerful tool for trace level
chemical analysis. This new analytical method, which still
requires more development, is more specific and has a
detection limit some 100-fold lower than controlled potential
coulometry.

The more rapid dissolution rate of the higher uranium oxides
in the Salt Cycle Process was confirmed. The low solubility
of UO2 in the molten salt was again established. Recrystal-
lization of UOg from NaCl-KCl eutectic containing UO2Cl12
offers intriguing possibilities for controlling particle size and

12459480 "—
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shape of UOg prepared by electrolytic reduction. Evidence was
obtained that UOCIl2 is not an important intermediate in the

Salt Cycle Process. The system, CsCl-RbCl, does not form

a eutectic. '

Cesium adsorption on clinoptilolite at 25 C is not changed by
irradiation to doses up to 1 x 109 R. At55C, adsorption is
higher at doses up to 2 x 108 R, but not for doses of 5 x 108 or
1x 109 R.

A slow neutron reaction on Sc49 was shown to be the origin of
Sc46 in reactor effluent water.

Holmium, dysprosium or praesodymium would be better than
lanthanum as a precipitation carrier for plutonium when low
backgrounds are required. This is because lanthanum usually
has redioactive members of the actinium family with it.

Cerium(IV) is adsorbed by Hanford sub-soil much more com-
pletely than cerium(IIl) or promethium.

A highly sensitive flowmeter to detect and measure vertical
flows in wells was demonstrated in the laboratory. A sensitivity
of two ml/min through an eight-inch well was achieved.

3. Physics and Instrument Research and Development

In the NPR program, the full-scale mechanical mockup of the
fuel failure monitor was completed and is now in experimental
use. The prototype Linear Remote Area Monitor is essentially
completed. Circuit improvements for the final version of the
prototype Beta-Gamma Air Monitor were successfully bench-
tested. Some questions regarding accuracy of physics parameter
determinations have been settled and the graphite for the mockup
core measurements in the PCTR has been shipped by the vendor.

In the nuclear safety program, initial occupancy of the Critical
Mass Laboratory is expected next month and the first two reactor
vessels have arrived on site. A series of experiments to
determine critical masses of 2% enriched uranium rods has begun
following recent completion of a similar series with 3% fuels. The
safe concentration of plutonium in aqueous solutions was revealed
to be 10% higher than expected in recent PCTR experiments.

JEEHNFED
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Reactivities of 3% enriched uranyl nitrate solutions were
determined to supplement recent data on UOg3 dispersions in
hydrogenous moderators.

In the Plutonium Recycle Program, a rather simple theoretical
approach gave results in good agreement with recently completed
experiments on water-moderated 5% Pu-Al rods. This was
somewhat surprising in that a similar approach was unsatis-
factory for 3% enriched uranium fuels.

Some final improvements have been made to the Profilometer
and Wide Angle Viewer for the PRTR Fuel Examination Facility
prior to their installation. A camera system has been designed
for detecting and recording displacements of the PRTR calandria.
Development of instrumentation for the PRTR tube monitoring
program is underway.

Orderly progress continued on the Nondestructive Testing
research studies on broadband electromagnetic and infrared
techniques.

Automation has been completed of the routine data taking at the
Whole Body Monitor. This facility was used during the month

for observation of non-background activities in several individuals.
It was further determined that shampooing of hair prior to counting
was of doubtful value with the current water supply at the facility.

An improved method for analyzing samples taken during atmospheric
diffusion experiments for project Green Glow will give relative
filter loadings to 8% standard error and absolute values to 12% as
indicated by recently completed calibrations of the method.

Work continued on a number of radiation protection instruments.
The bench-model personally-carried personnel dose alarming
monitor was simplified and satisfactorily tested. Tests of a
developmental alpha air monitor indicate the unit will alarm in
three minutes when the detector is exposed 10 an atmosphere con-
taining a uniform, continuous-level concentration equivalient 10
100 MPC of airborne Pu239, * There will be no false alarms from

* One MPC is used as equal to a Pu239 concentration of 2 x 10712 ,c/cc

in air.

1219488 | Ay
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radon-thoron concentrations. Experimental fabrication of
silicon P-N surface barrier diode nuclear detectors is underway.
Investigation of thermoluminescent dosimeters continues.

In the basic data field, numerical values were determined for
the rate at which thermal neutrons change their energy dis-
tribution as the moderator temperature is changed. These
rates appear to depend upon both moderator temperature and
initial neutron temperature.

4, Biologx

Contamination of terrestrial and aquatic life tended to decrease
during the month and was about the same as a year ago.

Findings, incidental to Sr20 metabolism work, indicate that
chlorosis in plants can be alleviated by strontium. Thus in the
synthesis of chlorophyll strontium can partially replace calcium. -

In further work on pairs of elements, it appears that fertilization
of soil can increase the uptake into plants of Cs137 put hardly
affects the uptake of potassium. This observation is interesting
from the physical point of view as well as from the inappropriate-
ness of using the Cs137/K ratio in hazard predictions. '

An outbreak of parasite infestation among members of the beagle
colony will cause some revisions of past practices, including. the
probability that we will have to raise our own pups.

Death caused by PuOg2 in dogs at 50 to 100 days resulted from an
average dose of 20, 000 rads, assuming uniform distribution of

the plutonium in the lung.

5. Programming

A series of experiments was performed, using the Meleager code,
to determine the importance of the decay of Pu-241 (13 year haif-
life) in plutonium rfuel cycie analysis. The results show large
exposure dependent errors if the decay is ignored; however,
simple treatment of the decay effect proved adequate.

WARLEE
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The first low exposure plutonium bearing fuel rods to be
irradiated in the Savannah River reactors for the production of
high exposure plutonium for Plutonium Recycle Program use
were charged on May 16.

In conjunction with the Specific Fuel Cycle Analysis Program,
senior personnel visited APED for exchange of information on
fuel cycle analysis techniques best suited for PWR and BWR
reactors. '

Considerable effort was expended in attempting to determine
the effect on exposure of the individual plutonium isotopes in
the Advanced Pressurized Water Reactor plutonium fuel cycle
study. The addition of either Pu-239 or Pu-241 results in
about the same increase in exposure based on reactivity
limitation. Pu-240 appears to have little, if any, effect on
the attainable MWD/T in this reactor based on a reactivity
limit. Pu-242 additions consistently result in lowered exposure. -
The shorter exposure effected by a given amount of Pu-242 is
on the order of 1/4 to 1/2 of the increase in exposure produced
- by a like amount of Pu-239 or Pu-241,

TECHNICAL AND OTHER SERVICES

Two appendices were written to be incorporated in a document cover-
ing the use of control charts in analyzing rupture data being prepared
by Process Technology personnel. One presented the theoretical
basis behind the use of such cnarts, and the other discussed decision
rules to be used in analyzing rupture data.

The results of a study made to determine the number of coolant pressure
gauges which can be bypassed and tripped simultaneously without invali-
dating any normal scram signal have been documented.

Results of the spare parts and standby inventory as found by sampling
techniques were used to estimate the total HAPO inventory surplus and

aeficirt.

Studies concerned with an evaluation of the FORTRAN-Monitor customer
service znd “he scheduling of routine IBM-709 appiications were completed.

DECLASYNS
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There were two cases of plutonium deposition confirmed in May. The
total number of deposition cases that have occurred at HAPO is 256 of
which 187 are currently employed.

Participation in Operation Alert 1960 held May 3, 4, and 5 was success-
ful. The exercise was conducted at the mobile emergency relocation
center. More realism was achieved this year by the fragmentary
nature of reports on the simulated attack.

There are 23 currently active projects having combined authorized
funds in the amount of $24, 779, 000. The total estimated cost of these
projects is $29, 238, 000. All but two of those authorized are on or
ahead of schedule and none are more than three per cent behind
schedule. ‘

Project CG-731, Critical Mass Laboratory is nearing completion. The
fixed-price contractor has satisfactorily completed all acceptance tests
except the one verifying the gas tightness of the reactor room. He is
experiencing great difficulty reducing the leak rate to the prescribed
0.5 per cent drop in pressure in six hours when the room is pressurized
to 4.5 psig. The principal obstacles encountered are the difficulity of
forming a gas tight seal around and among the myriad of electrical

and instrument leads, and ceiling leaks. On June 9 he had succeeded
in reducing the pressure drop to approximately 10 inches of water in
four hours compared to an allowable 0.9 inches of water in six hours.
It currently appears the contractor will be completed with his work
about June 20. It still appears the reactor control system will be
received about the end of this month. It is currently planned to close
‘the project on the June 30, 1960 directive completion date with an
underrun of approximately $20, 000,

SUPPORTING FUNCTIONS

Personal Share in G. E. Employee Benefit Plans were delivered on

May 13, along with a letter indicating beneficiaries as previously
designated by employees. Few errors were reported on the information
furnished. - Many employees took appropriate action to change their
beneficiaries.

Total travel activify in FY 1960 for Hanford Laboratories is not ex-

pected to vary significantly from FY 1959. Trips started in FY 1959
totaled 1, 385. There are estimated to be 1, 400 in FY 1960.

DECMORED
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Billing for the neutron dosimeters ordered by the AEC has been
received. The bill was for $70, 000 as compared to the $61, 000
estimate used in our planning earlier this fiscal year.

At month's end the staff of HLO totaled 1310, including 619 exempt
and 691 nonexempt employees. There were a total of 528 employees
possessing technical degrees, including 313 BS, 114 MS, and 101
Ph.D. |

The medical treatment frequency for May was 1. 77 as compared
with 1, 68 for April. There were no serious accidents or unusual
incidents. There was 1 security violation during May, bringing
the total to 10 for the year to date.

A total of 194 offers were extended for the Technical Graduate Pro-
gram and resulted in 81 acceptances. There are currently 6 offers
open, all to late summer graduates who are outstanding candidates

worthy of special consideration. '

At month's end there were 38 Techniéal Graduates ahd 5 Technician
Trainees on Program rolls.

During May there were 6 visits by FhD candidates. Four offers
were extended and 1 acceptance was received from a PhD ecologist.
For the year to date, 8 PhD acceptances have been received.

Manager
Hanford Laboratories

HM Parker:pmg

1249492
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

A. PISSIONABLE MATERIALS - 2000 PROGRAM

1.

METALLURGY PROGRAM

Corrosion Studies

Fuel Element Ruptures in Steam. Fuel element rupture studies are being
conducted in & steam autoclave over a range of variables from 225 to 500 C
and 200 to 2000 psig. The samples are defected pieces of coextruded
Zircaloy-2 clad, uranium core rod. Rupture rates are inferred from hy-

drogen collection data.

Rupture rates of 16 to 19 grams uranium per mirute at 400 C ard 500 C,

' 2000 psig, have been observed. The maximum rates are quite pressure

sensitive, decreasing with decreasing pressures to 1.5 to five grams per
minute at 200 psig over the full temperature range. The rates are not
highly sensitive to temperature. However, at 300 C and 225 C, very high
apparent rates of up to 50 grams per minute have been observed. It is
believed that these very high rates are actually the decompesitiorn of
uranium hydride deposits formed during the initial stages of r:zpture.

It is further believed that this decomposition is initiated by tze con-
densation of steam to water. If this interpretation is correct, ard the
formation and decomposition of large amounts of urazium hydride do occur,
then the hydrogen collection rates are not directly proportional to
uranium damage and the inferred rupture rates must be considered as
qualitetive. PFurther investigation of these phenomerna are under way.

Corrosion Testing of Zircaloy-2 Elements with Zr-Be Eutectic Braze
Closures. An autoclaving test was run during the past month on co-
extruded fuel elements containing Zr-Be eutectic brazed and welded, and
as-brazed closures. Zr-Be eutectic brazed Zircalcy-2 coupcns were in-
2luded. The purpose of the test was tc evaluate the ccrrosion resistance
of the brazed closures and the heat-affected zonme of the claddirg. The
healtk hazard during etching and autoclaving of materials containing the
Zr-Be eutectic braze was also evaluated.

Except for a small ring of grayish oxide on the ends of the fuel elements
in the vicinity of the closure, both the brazed-welded and the as-brazed
closures skowed no adverse effascts after autoclavirg. There was no de-
tectable difference between the heat affected exds of the elemenis and
the main body of the elements. The brazed Zircaloy-2 coupoxz showed a
grey ares on the traze and a very definite grain pattern caused by the
heat itrestment duxing the braze cycle. The welight gains ox the brazeld

coupon and the control coupon were normal for 72 hcurs in 400 C, 1500 psi
steam (17 mg/dm?) and showeé no accelerated ccrrosicn.

. Bﬁ%\ﬁ%ﬁﬂ%\-
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To evaluate the health hazard associated with processirg fuel elements
containing Zr-Be braze closures, the extent of teryllium contamiration
was established at various stages of the etching and autoclaving cycle.
The sample results show that there is positive beryllium cortemination
associated with etching and autoclaving. The concentration of be*'ylllum
in the breathing zone of the operator opening the aatqclave was 0.15 )Jg/m
compared to the maximum acceptakle concentration of 2 pg/:n Smear
samples from the autoclave and the brezed surfaces are not comparable to
any available data but show small amounts of loose beryllium-containing
solids present on these surfaces. The beryllium concentration in the
HNO3-EF acid etch bath was approximately 5 yg/lrber Although the
beryllium contamination in the etch solution was low, processing a com-
siderable number of such fuel elements could raise the beryllium concen-
tration to substantial levels.

Effect of Charging Lubricants on Zircaloy-2. An autcclaving test was
initiated to determine the effects of charging oils on Zircalcy-z and
mild steel (ASTM 212B). Half of the test coupons were immersed in "Ucon”
cherging oil and the otker helf in a standard soluble 0il. The coupous
were then rinsed in deionized water and autoclaved statically in 300 C,
pH 10, deoxyzenated water focr two weeks. Neither the Zircaloy-2 ncor the
carbon steel coupons showed any adverse effects from either of *the two
oils. The average weignt gain for the Zircaloy-2 coupcns was 7.3 mg/d.m2 s
which compares favorably with available data for Zircaloy-2 autoclaved in
300 C, pH 10 water. The descaled weight change for the carton steel
coupons was 121 mg/ dm® which also compares favorably with available data
for carbon steel autoclaved in 300 C, pH 10 water.

Report on NPR Tube Etching Facility. An informal report is being prepared
on the results of etching samples of an NFR process tube in a. continuous
etching facility. Studies were made concerning the scale up of a contin-
,uous etching facility to etch a Sh-foot-long NPR tube. Indications are
that full-scale facilities are feasible.

Corrosion of Aluminum Alloys. Ccmparisons cf aiuminum alloy behavior in
nigh velocity, corrosive water environments have oeen renewed. The test
apparatus has been modified to give high flow rates parallel to the
semple surface rather than direct impingement obtained with the originel
sample arrangement. The water is forced +o flow in a rarrow stream by
clamping the sample orn a special block whick has a thin s5lof milled be-
tween the entry ard exhaust holes for +the water. 300 Avea tap water,
deionized water, and reactor process water have been used. The water was
heated to 100 C and pumped past the samples at velocities from 118 ft/sec
down to 4O ft/sec. Grooves of five mils were corroded into & sample in
seven hours with deionized water a% 100 7 end 116 £t/sec initial -elccity.
(The flow velocity decreased as the grcove depth irncreased. ) Addition

of two ppm dichromete to reactor process water and Jeicrnized water caused

nan‘--ﬂanq\aﬂa Ao msaes ™ L eV lobeaiel- bl el -hel
RSLLSTACL2 LSlI2E3e L Tl IJTrTeslch rels.

Samples of 1245 aluminum fuel element jackets were “ested at the same
conditions as the above samples. The results have not beer analyzed
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as yet, but visually, they appear similar to X-8001 coupons. The fuel
element jacket samples were selected because they had been through the

canning process.

Radiometallurgy Laboratory Studies

Examination of Zircaloy-2 capsules burst by internal pressure during
irradiation revealed that strain was uniform prior to rupture (RM-551).
Four swelling-experiment samples were removed from NeK-filled capsules
and examined. No bumping or warping was found, but longitudinal cracks
were found in the cladding. In places, the cladding was so thin that
thermal expension of the uranium caused the cladding to part in tensile
failure (RM-559). Two irradiated rods were defected and then used for
in-reactor decontamination studies. Examination of the ruptured areas

. showed that the uranium was attacked at the cladding bond layer around
the fuel rod, with resultant swelling (EWL327). Cracking was found in
samples from coextruded rod type elemernts, but no other defects were
apparent (RM-562). A tube sample from a rod-and-tube element was found
to have cracks extending from the uranium through the metallurgical bond
into the Zr-2 cladding. These cracks were not found when examined by
Battelle.

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

Basic Metallurgy Studies

Rediation Effects in Structural Materials. Effects of »reactor irradiation
at 200~300 C on Zircaloy-2 are being evaluated by use of x-ray diffraction
and other techniques. Coupons of annealed and cold worked Zircaloy-2
were irradiated in the KER Lcoop 3 at an average temperature of 200 C to
an integrated exposure cf 9 x 1 9 nvt. Post-irradiation examiration
shows that both the annealed and cold worked state, radiation damege has
been retained after irradiation at 220 C. The x-ray diffraction lires

all show an increase in width. This fact is interesting sirnce in un-
irradiated cold worked Zircaloy-2, x-ray line bdroadering can be partially
annealed out after ore day at 250 C.

Mechanical and Physical Properties of Materials. The creep properties of
Zircaloy-2 are considerably imprcoved by smell amounts of residuzal cold
work. The extent to whick increasing amournts cf ccld work irnflluence
creep properties and the effects of recovery during testing are veing de-
termined on specimens cold worked ir the range of 15 to L5 percent. The
test conditions, as well as the amount of cold work ir the specimeus,
were selected as limits of cozditicns +that weould ke encounter2d in service
in reactor process tubing or fuel element cladding. A series of tests
have been completed at HAPO and at BMI on arn assistance prcgram. Another
series of tests were started during the monta. An activaiticn energy Ior
creep was calculated ard previously reported for the HAPO tests. The
value was determined to be 59.7 k cal/gm-mole. The plastic creep strain
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of Zircaloy-2 has been analyzed this month using the BMI and HAPO creep
tests and plotted as a function @, a compensated time parameter of the
simple rate reaction, using the relationship: © = te™ . 2, where t is

time, T is absolute temperature, H is the activation enérgy, 59.7 k cal/
gm-mole, and R is the gas constant. The resulting curves displayed con-
tinuity at constant stress and cold work levels over the temperature

range 150 C to 480 C. The slope is dependent on time and cold work but
independent of stress and temperature. The slopes increase with increasing
cold work to around 25 percent cold work. At higher levels they are
essentially the same. Studies of the microstructural chenges accompanying
creep at various values of © are being conducted on annealed and 45 percent
cold worked Zircaloy-2 specimens. Examination of a 45 percent cold worked
specimen by x-rey diffraction and optical metallogrephy indicated partial
recrystallization occurred during a 4LOOO-hour creep test at 40O C and at
13,000 psi stress. This recrystallization and accompanying recovery of
cold work accounts for the high creep rate of the 45 percent specimen,
compared to the 25 percent specimen under the same testing conditionms.

Electron and Optical Microscopy. The study of the microstructure of clad-
ding and fuel material after irradiation is a direct way of detecting
rediation damage in these materials. Thin films and foils suitable for
electron microscopy offer adventages since radioactivity is a minimum.

The irradiation of multiple layered films, UOp orn Pt on C, UO2 or Ge on C,
UO2 on Zr02 on C, and UO2 on C have been repeated, and positive results
have been obtained. All films of the non-fissionable layers had discrete
regions in which no UO2 was present. In the as-irradiated state, these
regions show fission fragment tracks in the ZrO2 multiple film. After
shadowing of the films, tracks are visible in these regions in both the
carbon and the ZrOp films. Stripping the U0z film from the underlying
substrate and then shadowing discloses tracks in the Pt, Ge, ZrOp, and C
in those regions where UO2 was present during irradiation.

The observed differences in behavior must be due to differences in chemical
stability, thermal conductivity, plastic deformation, and/or vapor pressure
of the various constituents in the multiple films. Waick of these Zactors
are respoasible for the occurrence of fission Iragment damage as seen by
electron microscopy are being investigated by further irradiations.

Pre-thinned cold worked and annealed foils of high purity aluminum have

been irradiated in evacuated capsules to exposures as high as 4.k x 1029 nvt.
 Electron microscope studies of dislocations and their motions in these ir-

radiated foils indicate that twinning apparertly occurs in specimers having

the highest exposure, 4.4t x 1019 nvt. In addition, zig-zag type dis-

lccations whichk are irmcbile are now present. The latter type imper-

fections have beer reported to be present in aluminum after gquenching from

& high temperature. No evidence of the formation of dislocation locps

has been found.

DECLASS! Ry
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Metallic Fuel Development

Cluster Fuel Elements. Production Test IP-288A, which consists of seven
I2-inch long, 7-rod cluster elements witk Hot-headed ard projection welded
closures, was discharged from KER on May 14 with approximately 2000 MWD/T
exposure. The irradiation was entirely successful. Other activities in
the KE basin have prevented underwater examination of the elsments and
selection of an element for Radiomet examinatior.

Radiometallurgical examination of the ruptured 0.592-inch diameter rod
from the T-rod cluster which failed in KER Lcop 1 on February 8, 1960,

has continued. A detailed metallurgical examination has been made of a
"scratch" or surface striation which extended longitudinally along the fuel
rod from one end of the split in the clad. This surface striation corres-
ponds to a thinned area in the clad which, in cross-secticrn, shows extensive
local plastic deformation of the Zircaloy-2. In one cross section, removed
from the failure area, this local deformation has reduced the clad thick-
ness to six mils from the nominal 20 mils originaliy present. Of prime
importance is the fact that the localized clad thinnirg has cccurred with
only a corresponding increase in rod diameter of four mils and without
associlated cracking in the uranium.

The examination results indicate that localized plastic deformation of
the clad mey have beern responsible for failure of the fuel rod, although
radial cracking of the fuel was associated with the clad split at ore
end of the failed area. The phenomena of locelized thinning of the clad,
without associated cracking of the fuel, has not been observed tefore.

Tubular Fuel Elements. Fuel elements of tube-tube geometry are being
tested in the KER loops under NPR coolant water conditions. At month erd
four elements irn KER Lcop 2 will have achieved an exposure cf about

2750 MWD/T. The elements in KER Loop 2 are coextruded tube-tube geometry
with enriched cores and Zircaloy-2 clad. Two elements have uranium-
zirconium alloy coras, and two kave unallcyed uranium cores. Maximum
core temperature caiculated from present data is +LC C. This tenmperature
is reached in the inner tube of the downstream element.

A tubular element having 2000 MWD/T exposure was exsmined at BMI. Re-
examination of sections of this fuel element at Hanford confirmed the
vresence cf radial cracks in the urapnium core nesr the centar cof the
36-inch long element. Some of the cracks rumn from ths inner cled to
the cuter clad. In all cases, the cracks penetrated intc the clad no
mcre than omne or two mils. In most cases the clad shows ductile metal
filow in the region of crack termiratiom.

Evaluation of 1.6 percent enriched two percent Zircaloy, Zircaloy-2 clad
KER material is being performed. This material was sextruded bty NMI.

Chief causs fcr rojecticn has been desp longitudinsl zoratches and sx-
trusion defects on the ID of +he inner tube. The clad material appears
tc be low in hydrcgen with an excellent zirconium-uranium irterface.

Clad thickness ranges from 0.018" to 0.025". Uranium quality is poor

. . - we « - .
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with numerous oxide and carbide stringers. Uranium grain size is fairly
uniform throughout the cross section, ranging in size from 0.035 mm to
0.065 mm.

Test elements were prepared for a KER loop irradiation to determine the
effect of heat treating variables on irradiation behavior of Zircaloy-2
clad tubular fuel. Five heat treatments were employed with the material
characterized for grain size and structure and crystallographic texture.
The elements were prepared from coextruded tubes, 1.470-inch GD x 0.L0O-
inch ID with nominal 0.020-inch thick inner and outer Zircaloy-2 cladding.
Irrediation test PT-IP-317-A was made up of five, six-inch elements and
six, nine-inch elements in stainless steel sleeves. One element ruptured
in the autoclave, the remainder had & normal black oxide film. One element
was sectioned to determine the extent of hydride pickup in the cladding,
end two sections of this indicated less than 50 ppm zirconium hydride.
The elements were charged on May 14, 1960, in KER-3 with two defect-test
assemblies prepared by Fuel Element Design in the downstream position.
Above normal activity was observed on the delayed neutron monitor almost
immediately after startup. After approximately ten hours the activity
exceeded the operating limit and the test was discharged. The elements
have not been examined as yet, so at the present time it is not known
whether the high activity occurred from surface contamination or from
water entry. Two additional nine-inch elements from the group in the
autoclave that were rinsed but not cleaned in nitric acid were btoiled

in eight normal nitric acid. Analysis indicated 490 micrograms total
uranium.

Component Fabrication. The heating and quenching rates of sections of NPR
inner tube stock, 1.430-inch OD x 0.520-inch ID, were determined for
several heat treatments considered for beta heat treatment of this fuel.
These treatments and data are given in the follow:.ng table. The material
is being examined for correlation of resulting grain size and structure.

Time to Reach Time to Reach Quench Rate
Heat Treatment Beta Minutes 730 C Minutes CC/min

730 C 10 minutes 2.7 5.4 5030
Nusal salt - direct '
quench to 20 C water

720 C 10 minutes 2.8 .7 4770
Nusal salt - direct
quench to 80 C water

730 C 10 minutes 2.7 L7 3275
Nusal salt - direct
quench tc oil at 25 C
730 C 10 minutes 2.7 4.6 Approx. 250 C/mirn in
Nusal salt - quench beta 48 seconds to
to LHO8O salt at 590 C complete *transformation;
5 min - water quench 3 min to reach 590 C.
730 C 10 minutes 2.2 4.2 94 C/min in beta

tie . Nusal salt, air 54 seconds to complete

© . " cpoled transformation.

1259598 - | P




[ A-T O E6sksg 4

Dimensionael changes recorded indicate no chenge in outside diameter,
0.00k-inch increase in inside diameter, and 0.010-0.0l6-inch increase

in a three-inch length.

The present concept of NPR fuel elements requires that the inner tube
be restrained from sliding out of the outer tube during charging, ir-
radiation, or discharging. A number of methods have been proposed to
achieve this result. Twelve steel dummy elements four inches long have
been built and are being used to mock-up and evaluate candidate methods
of fastening inner and outer tubes.

Failure studies require the ability to defect an element at any time
during the irradiation cycle. This has been accomplished by shearing

a fixture from the side of the element. These fixtures have been attached
by electron beam welding. A method of attaching by resistance projection
welding has been developed to the point where simulated failure fixtures
have been successfully attached to Zircaloy tubing. Advantages for this
method of attachment include a much smeller heat affected zone in the
region where failure will be initiated and a much faster operation.

Some investigations are being made to determine the flow pattern of a
metal as it is being swaged. To do this, a square cross section bar

is being fabricated from a number of square cross section copper wires.
These wires have been dip tinned with a 50-50 solder and will be heated
and pressed into a bar approximately 1.5 inch square. From this bar,
that now has a cross section exhibiting a square lattice pattern, will
be machined a rod 1.375" in diameter.

Sections of this 1.375-inch diameter rod will be swaged through a series
of reductions and at various rates. In each case measurements of and
photographic records of the lattice pattern will be made. Suck meesure-
ments and cbservetions should lead to a better understanding of die
design and provide a basis from which to establish a sound theory of
metal flow in a swaging die.

Closure and Joining. Equipment for kot heading Zircaloy-2 uranium HFR
inner tubes (1.430-inch OD x 0.520-inch ID) was set up in a 4OO-tor
vertical hydraulic press and four tubes were successfully hot headed on
both ends. The heading technique is the same used on KER inner tubes
for a recent production test.

The headed NPR inrer tubes are being used for the development of a prc-
jection welded final closure for this size tube. The Zircaloy-2
shoulder on the hot headed tubes appear unifcorm and of sufficient width
to allow the use of multiple projection rings on the closure cap.

The heading operation produced a swell on the tube OD at tke junction of
the urhested tube grip and the hested heading container c¢f approxi-
mately 0.008 to 0.009 inch. This compares favorably to the 0.010 to
0.012-inch swell cbtained on the hot headed KER inner tubes and can te
readily removed by a subsequent drawing operation. Approximately

DECLASIES
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5/16-inch is extruded on each end of the tube to bring the Zircaloy-2
clad across the end of the heavier walled tube into the extrusion.

Several more tubes of this size will be hot headed for use in further
hot heading and projection welding studies as additional coextruded

stock becomes available.

Developmental work on a brazed NPR fuel elemert end closure has con-
tinued during the past mcath. Emphasis has been on the brazing of
different geometries and applying different brazing concepts.  Use of
a machined disk of braze alloy placed between the cap and the uranium
core appears to have considerable promise. Difficulty Las been en-
countered in brazing NPR inner tubes. A sharp bend occurs in the
jacket at the braze-uranium interface due to the difference in thermal
expansion of the uranium and zirconium. This sharp bend would be a
possible point of failure during thermal cycling of the reactor.

Six brazed fuel element test samples were placed in the Elmo 5 loop and
were run at 300 C and 1500 psi for one week. At tkis point a failure
occurred. The failed piece was heat treated but had an unwelded braze
zone. Failure occurred through & pinhole in the braze which penetrated
to the uranium. Failure was quite dramatic. The end caps were popped
off with a section of the can wall attached to the cap. The jacket was
split open along the heat affected zone for about one-half inch from
the end cap. These pieces had not been autoclaved prior to charging.
If they had been autoclaved, the defective element would have been

detected.

Several sites were visited to determine which brazing alloys, other
than the Zry - 5 w/o Be (BeZirc) braze, would be potertial alloys for
use in NPR fuel elements. Several alloys looked promising from the
standpoint of low corrosion rate and low melting temperaturs. These
alloys were Zr-2, 5 w/o Be, 13 w/o Fe and Zr-2, 5 w/o Be 17 w/c Cu.
BAPD reports the corrosion resistance of the iron alloy in 360 C water
as being slightly better than the BeZirc braze alloy. There are
numerous other alloys that have rather poor corrcsion resistance but
iow melting points. These alloys would act as secondary corrcsion
barriers in the event of weld failure, providing sufficient protection
to the uranium until the reactor could be shut down.

Allied Fuel Studies. In-reactor swelling experiments of Zircaloy-2

clad uranium fuel rods with selected uranium temperatures, cladding
thicknesses, and exposu.res are being conducted. Three swelling capsules
GEH-14-93, 14-101, and 14-105, are pr=sently veing irradiated in the MIR
with goal expesures 1o the range 20C0-25CC MWE/T. Exposurss anld averzge
center uranium temperatures for these capsules are, espectively:

600, 1600, 2000 MWD/'I', and 575, 275, 335 C. A fourth capsule in the

MR, GmEh-i4=5T7, is to ve discharzged at tae end of the present cyclie
with an exposure of 3500 WD/T A review of the presently available
uranium swelling data revealed that more information is needed in the

a R "‘.‘ A . -
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temperature range at which swelling begins to increase rapidly. There-
fore, the irradiation conditions of five more capsules, now awaiting
irradiation at the MIR or ETR, have been revised to give uranium
temperatures in the range of interest. :

Dimensional meesurements on four uranium fuel rods irradiated in NaK
capsules at D Reactor are complete. These rods, which cperated in a
temperature range from 380-420 C to an exposure of 1850 MWD/T, have
increased in volume up to one percent. Ductile failure of the Zircaloy-2
-cladding on one of these rods occurred during irradiation. Non-uniform
straining of the cladding, without associated fuel cracking, occurred

at several places on the rod.

Internal mecrocracking was observed in the center of the rod. The be-
havior of this test specimen is remarkably similar to that of the
ruptured fuel rod from the 7-rod cluster which failed in KER Loop 1,

February 8, 1960.

It has been demonstrated in the past that coextruded fuel material in
the beta treated water quenched condition behaves poorly in defect

tests. Aging or anneeling of water quenched material at temperature
below 590 C, however, improves its behavior to the point where it is
equivalent to that obtainable by other heat treating methods. It has
been determined that sutoclaving for 48 hours at 40O C ages the bond

of water quenched material sufficiently to produce adequete bond quality.
Water quenching thus should be acceptable in a fuel element heat treating
process insofar as bond quality is concerned.

Laboratory work on the in-reactor burst testing of 15 Zircaloy-2 tubes
similating fuel element jackets is complete. Previously reported
indications of an in-reactor loss in uniform circumferential strain at
fracture were in error. More accurste measurements on metallographic
cross sections through the capsules showed no significant difference
in uniform elongation at fracture between specimens burst in-reactor
and those burst ex-reactor. The average uniform elongation was 16 per-
cent. The hydrogen content after 1300 hours in the reactor at 350 C
was, on a basis of metallographic estimates, 100 ppm in both the
annealed and cold-worked specimens.

Ex-reactor tests show that Zircaloy-2 supports on full size NFR fuel
elements severely scratch the autoclaved Zircalcy-2 process tuble as

the fuel element is charged and discharged. Fuel elemen®t supports
formed from strips of AISI 1010 and 1020 steels bave beer wear tested
and have performed satisfzctorily even when the contact area between
the support and autoclaved Zircaloy-2 is reduced to a pcint or line.
The oxide film on the steel support resulting from autoclaving at 4oo C
and 1500 psi for 72 hours has no adverse effect on the performance.

Several stael supports with 5/8-inch long bearing surface have been
formed from 1010 and 1020 steels to evaluate the wear performance of
this new support design. A method for attaching these supports to a

Zircaloy-2 surface is being evaluated. Short pieces of Zircaloy-2
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wire are inserted through holes in the end of the steel support and spot
welded to a Zircaloy-2 surface. The heat and pressure from the spot-
weld upsets the Zircaloy-2 wire and effectively rivets the support to
the Zircaloy surface. Spot-welded supports along with other samples of
the steels in contact with Zircaloy-2 are being tested in pH 10 water at
300 C and 1500 psi to check their gross corrosion behavior ard any gal-
vanic effects with Zircaloy-2. An order has been placed for an experi-
mental lot of Zircaloy-2 roll clad with a low carbon steel. Wear,
formability, and corrosion evaluation of this steel clad Zircaloy is

- planned.

In order for the development of self supports for NFR fuel elements to
progress on a firm basis, it is desirable to know the flexural and crush-
ing properties of various experimental supports. Load deflection tests
were made on variations of the 30-mil Zircaloy-2 support in cwrrent use.
The maximum load these supports will hold before buckling was found to
be 950 1bs/inch and the maximum room temperature elastic deflection was
10 mils.

Of the many possible types of fixtures for attaching inner NPR fuel
tubes to the outer tubes, ten were selected for evaluation. Efforts
are being concentrated on two types of fixtures: (1) those which are
independent of end closure design, and (2) those whick may invclve end
closure design but will require no welding after the fuel is autoclaved.

During cyclic temperature operation, microstresses are develcped in
polycrystalline uranium due to the anisotropic thermal expansions of

the ursnium grains. As previously reported, these microstresses increase
the macroscopic creep rates for 500 psi and 2000 psi lcads. During
testing at 750 psi the thermocouple failed. A new specimen was placed
in the capsule and testing at 750 psi load has been resumed.

The Dynepak was instrumented to measure extrusior punch force as a
function of time. These impulses were measured on 2 series of steel
extrusions at 10/1 reduction ratio with fire pressure and billet
temperature as extrusion variables. Typically, the force on the punch
reached 200,000 psi, and the duration of the extrusior impulse was five
milliseconds. These types of data are required for effective ajjustment
of extrusion parameters.

REACTOR PROGRAM

Coolant Systems Development

In-Reactor Singie-Pass Testirz. The six KE sirgle-pass *ibes were re-
charged. Two tubes are now testing the corrosion of standard aluminum-
Jacketed fuel in pH 7.0 process water witk ocne ppm dichromate inhibitor;
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regular unweighed production elements.
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Single-Pass Decontamination of Old Reactors. Fcur tes*ts were completed
in the 242-B Single-Pass Ficw Faciliity. A cyclic process alternating
2.5% Turco-4518 and 2.5% sulfamic acid gave a DF of 650 on specimens cut
from stainless steel reactor pigtails. A mixture of E3POy and NapCr207
gave a DF of 14. A cyclic process using 2.5% Turco-4518 and 2.5% Wyan-
dotte-112 gave a DF of 33 on tke pigtail and 6-10 on sections of an
aluminum process tube. A mixture of C.MH2SO4 and C.3 M oxalic acid
(inhibited with two grams/gallon of phenyl thiourea) gave a DF of 98

on the pigtail samples and reduced the process itube contamination to
background, while corroding carbon steel washers only C.001 mii. All
four tests were for 24 minutes.

Zircaloy Corrosion. Two lcts of Zr-4, classed oy WAFD as “"poor" and
"good" material, respectively, were exposed 4500 and 3000 hours ir pH 10
290 C water. No difference was found.

Six discharges have beer completed to date of the coupons of Zr-2 exposed
to velocities of 18.6, 42.4, and 86 ft/sec in pH 10, 290 C water. Accum-
ulated exposure is 2481 hours. The samples at the highest velccities
have continued to lose weight; however, thie is suspected to be due %o
fretting.

Brazed Zr End Closures. Tubular coextruded U-Zr-2 elsments with erd
closures brazed with 95% Zr - 5% Be were exposed one week in Elmo-7 at
PH 10, 300 C. One element ruptured, apparently tecauss of 2 pinhole at
the braze. The braze appeared to have good corrosion resistance.

Slug Rupture Tests. Three mcre runs were made ir “he Heated Slug Rupture
Prototype with iscthermal heat treated coextruded U-Zr-2 tudes. These
were predefected with a 0.025-inch pinhole and —ar without internal hest
generation at 300 C, 1650 psi, and 16 fps until tke rupture was detected
by a hydrogen detector. After detection, thze NFR cool down schedule was
followed. An cuter tube defected on the outside surface lost 13 grams

of uranium, and the ruptured area consisted of twe Hrcken zmounds, each
about 3/8 inch in diameter apd 0.10 inch zigh. An outer tude derected

on the inside surface lost Iive grams cf uranium. There were Iwo
ruptured areas located on oppcsite sides of tas +ube, possitly indicating
the tube had beer defected in two places. Ome area Lad twec brokex mounds,
each about 3/8 inch in diameter, and the other area had a sirgle 3/8 inch
diameter broken mound. Ax inner tube defected on the ousside surface
lost five grams, and the ruptured area exkitited a broken mound about

3/8 inck and two cther urbroken mounds about 1/8 imck in diameter.

The second rupture test was made iz IRP Lcop using a single rod Zrom a-m
irradiated T-rod cluster. After rupturing 40 minutass a*t 300 C, the
ruptured area extended completely around the rod and atout one and cne-
helf inches along the lerngikh. It was characterized by both blistering

and splitiing. This rcd kad received sbout iwizes ths inm-rezctor exposirs
as the one employed in the first test, and it appearsd to have ruptured
more severely in only half the time. Tke loop was dscontamirnated using

"

peroxide-carbcnate alkaline permangarate and Wyandctte 122. DF‘s of 16
to 2L0O were measured, and corrosion of the carborn steel coupcns was
0.1 mil,
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Hydrogen Detector. Modification of the recorder ¢ permit an on-time of
two seconds every minute appears to give satisfactory readings from the
palladium-platinum resistance detector. The present detector has been
used about two years and shows. no sign of deterioration or leskage. Two
more hydrogen detectors are being built for installation in the IRP and
Elmo-4 Loops. The IRP detector will be employed to determine whether
the hydrogen detector can sense a rupture before or as fast as the radi-
ation monitors, as well as to follow the amcunt of rupturing.

KER Thermocouple Fuel Element. A one-incn diameter by 1l2-inch long
thermocouple slug of uranium coextruded with a 20-mil Zr-2 cladding was
charged in KER Loop 1 during the month. It contains one thermocouple in
the center core and two Just under the cladding; two others measure the
adjacent water temperature. This Joint test witk Fuels Development is
intended to measure any significant increase ir the temperature drop
between the cladding and the water due to the build-up of insulating crud
on the surface. No such increase was detected during the first eight days
of operation. The thermocouple slug is positioned at the center of the
reactor and upstream of other elements in the charge,. the location where
érud deposition is expected to be the greatest. The water is 260 C,

PH 10; and the loop is of carbon steel. The crud content of the water

is being measured with a recently installed hot crud probe.

High Flow Deionization. The high flow deionization studies were com-
pleted. These tests indicate that high flow rate operation is feasible
in both the make-up and clean-up systems if slight capacity losses can
be tolerated. The useful capacity of the ciean-up resin was five to
15% lower than that for the make-up system mixed bed resin.

Corrosion of Stellite During Decontemiration. Testing of Stellite alloys
is continuing ir an inanibited version of Turco 4502 (240 gms/iiter) for
two hours at 105-110 C, followed by 15 minutes in Wyandotte-1112 (90 gms/
liter) at GOVC. Peretrations after three cycles were C.05, 0.19, and
0.15 mils for Stellites 6, 6-B, and 12, respectively.

Solmenoy. Samples of Colmonoy-5 (e Cr-Fi ailcy ccasidsrsd for LFR vaive
seats in place of Stellite) have been cycled six times (witk two hours
per exposure) in alkaline permangsnate solutions. Thers was very little
corrosicn as compared to Stellite on specimens exposed %o 18% caustic,

3% KMnOi; to 2 1b/gal Turco-4502; or to 2 ltv/gal Wyandotse-1113.

Structural Meterizls Devslcopment

fn o Y

NPR Process Tubes. A visit was made +5 “ha corwrasize tegting lakoratories
of each of the three NPR process tubes vendors. All are using etching and
autocleving methods and equipment whick skould be acceptatle according

to Henford practice.

However, Allegheny Ludlum Steel Corpcration kas heen routirely machirning
at least 0.020-inchk from the surface of test coupons prior Lo etchning.
This practice defeats the purpcse of the corrosion “est for detecting
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the effects of possible surface contamiratior. It is also possible
that the surface texture produced by this methcd of mackiring con-
tributes to Allegheny Ludlum‘s difficulty in comsistently obtaining

a satisfactory tlack film in the corrosion test. A »eguest has beern
made to discontinue machining the samples, and instead %5 test tkem
with a surface as prepared for the next step in the fabrication process.

Harvey Aluminum Company has experienced difficuity with white stringers
.on their corrosion test samples. Of nine samples tested orly one was
free of stringers. Samples from these “ubes were incorporated into a
reciprocal testing program between the corrosion laboratories at Harvey
and Hanford. This series c¢f tests compared beth etching and auto-
claving processes at both laboratories. All samples were ertirely
acceptable on the basis of weight gain, but differences were observed
in surface appearance. No bias was introduced by differences in etch-
ing techniques, but Harvey's autoclaving produced an inferior surface
appearance. Stringers were more numerous and more prorounced. All
tubes were judged acceptable on the basis of samples autcclaved at
Hanford, in spite cf the fact that those tubes represented by the worst
of the samples autcclaved at Harvey would be rejected. This test shows
a need for Harvey to modify their autoclave techinique. A series of
standards was selected from this test by which to Jjudge future test
samples. One coupon has a perfect glossy tlack surface with a limited
population of small gray or white flecks and stringers. This sample
represents the minimum surface condition that cax be accepted. A third
coupor is included for purposes of compariscn representing a dsfinitely
rejectable surface. It has a populaticn of fliecks and stringers con-
sidered to be excessive. It must be emphasized that tkhis group of
standards can be applied only to tubes produced by thkis cne vender
using his particular method of fabrication.

The irability of the other two NFR tube vendors consistently to produce
entirely black autoclave films indicates the need for similar reciproccal
testing programs witk assistance from Hanford ir identifying and cor-
recting noz-standard Zirceloy surface treatmernt prccedures.

"C" Reactor Zircaloy Tucting. Fabricatior of 200 smocth-bore Zircaloy-2
tubes for C Reactor is rearly on schedule; 170 tubes are expected %¢ be
ready for shipment on the new delivery date of July 1. The remaining

should be completed by July 15. Imcluded iz this group will he four to
53ix tubes made an extra five feet long for corrcsion tests in K Reactor.

Three new fabrication techriques for smocthk bore tubes whick should
provide lower tuting costs ir the future are being develcped. e
triels are being mede under purchase corders whershr Hamford #ill tuy

a limited rumber of the tubes if they meet all Harford specifications.

TTrsam -~ o iy P - L ol " - P g
van Stone flanging tests performed by IFD on tha firs® ri%less Zirsaler-2

tubes received have shown no difficulty with the smooth, 3C percent
cold-worked tubes made by Harvey Aluminum but have resulted in failures
by cracking in scme of the »ough-surface, 65 percent cold-worked
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Bridgeport Brass tubes. To consistently obtain crack-free flanges and
to obtain a more desirable flange microstructure for the Bridgeport
tubes on site, the following recommendations have beer made:

1. Polish the inner surface of the tube where the flange

will be turned.
2. Anneal the sections of the tube to be flanged.

Future tubes from Bridgeport will be annealed by the vendor at the
flange locations and, as specified, a crack-free flange must be turned
on a section from each tube.

The tubes fabricated by Harvey Aluminum Company have a residual cold
work of about 30 percent, a very fine grain size, and smooth, pickled
surfaces. No difficulty is anticipated in continuing to obtain crack-
free flanges without annealing this tubing.

Nonmetallic Materials Dewvelopment

Anneal;gg of High Temperature Irradiation Damage. A series of anneals

at 700, 800, and 1000 C were maede on two samples of TSGBF graphite
irradiated to 2400 MWD/AT in the 2C test hole in KE Reactor at ambient
moderator temperatures. The primary purpose was to determine the effect
of thermal annesling on contraction when the maximum permissible graphite

temperatures are raised at the K Reactors. For these samples, which

“had contracted approximately 0.0l percent during reactor cperation,

twenty-nine hours at 700 C produced no effect. Nineteen hours at 800 C
produced a growth of approximately 0.006 percent, and three hours at
1000 C produced a shrinkage of approximately 0.006 percent. Thus, at

the completion of these annealing treatments the samples were at their
starting, i.e., as-irradiated, lengths. Although the exposure on these
samples was low, their behavior indicates that thermal annealing from
the proposed increase in moderator temperature will not cause significant
dimensional changes.

Reactor riux Measurements. On February 14, 158C, one beat of smalil
graphite samples was discharged from 1960-C. The boat was centered

99 inches downstream from the center lire of the graphkite stack and
contained five nickel and cobalt-aluminum flux monitors located four
inches apart. Tne integrated fast thermal fiux values are tabulated
below. The gross thermal to fast flux ratios are twice those obtained
in two previous experiments, in which the monitors were positioned rear
the reactor core. The discrepancy is likely due to the fact that these
recent monitors were located on the very adge of the metal lezding
pattern. '
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Distance
Downstream ntegrated
of Gross Thermal
Centerline, Integrated Fast Flux Thermal Flux to Fast
Inches (nvt/MAD/AT) EyL Mev* (nvt/MWD/AT) Flux Ratio
o1 7.4 x 1087 8.2 x 106 11
% 8.1 x1 8.0 x 108 9.9
99 7.5 x 1 7.9 x 1046 13
103 6.8 x 10%5 7.7 x 1016 11
107 6.6 x 10 7.3 x 1046 11

¥Assumed watt spectrum.

Graphite Oxidation Studies. Graphite monitoring samples were discharged
from 1880-KW on April 29, after twelve months ir the reactor. Nc oxi-
dation rate above two percent per 1000 operating days was noted.

Thermel Hydraulic Studies

Heat Transfer Experiments Pertaining to Present Productiion Reactors. The
recent simultaneous occurrence o2 some reactor coolant channels of high
rear header pressure (up to about 75 psig) and low Panellit pressures
(120 psig or sometimes less) has necessitated a careful review of reactor
"trip-after-instability" temperature limits. Sirce the validity of the
limit calculation techniques rely heavily or ...a.bo“atcry ver'.-ica*lon,
additional experiments were performed with particular emphasis piaced on
data at low Panellit pressures and high rear header pressures. Ir addi-
tion, changes in fuel element geometry and sigrificant improvements in
techniques and equipment were incorporated ir these data. The data
include steady state hydraulic demand requirements anl *ransient demand
characteristics fcllowirg simulated plugging incidents arnd are applicabie
to BDF-type reactors.

The steady state demand data were taken for tuks powers of 500
2000, 1250, and 16GC KW. Trese u.e.*a {utiilizirg standari BDF f
and a simiated I & E fuel zharge) show that the wsual sxpirizelly
calculated "beiling demand curve" will predict conservative (higher than
ac*ual) demard pressures and hence conservatism weull he retained in the
unstable fiow pcint predicted by using the empirical 'uOl...l_.é demard
curve”. Pre;.lm..nary apalysis of the data aiso irdicated tha<t Thers
would be no uzstable flow point with a slow pluzging cesurrerce at tube
powers less than atout 800 KW. The da%tz also indicate <hat nigh Panellit
trip back-up rrotectior would te available for tube power: greater than
about £0C XW. Rotk of the above “ube power values are bassd on 2 front
header pressure cf 580 psig and an initial Parellit pressure of 250 psig
with 125 C initial outlet temperature. For all tudbe powers exespt
1600 KW, the demand curves were carried %o flow rates sufficierntly low
to allow the detection of fiim boilirg at some poinw cn tze similated
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Transient data were recorded for tube powers of 700, 1000, 1100, 1250,
and 1400 KW with verious conditions of flow meter geometry, initial
cutlet temperature, severity of plugging cccurrence and rear header
pressure. Preliminary analysis of these data indica®es *he following:

1. There is very little deviation between +the observed
minimum Panellit pressure (as seen by an electro-
mechanical pressure transducer) ard the predicted
minimim Panellit pressure based or tihe nou-~bciling
isothermal demard curve (usirg flcw to the 1.8 power
in predicting pressure drop demand across the fuel
charge). The deviation was genexrally less than ¥ 5 psi
and was only infrequently greater than ¥ 10 psi. The
accuracy of data reduction from the high speed recording
equipment is regarded to be in this same range, ¥ 5 to
10 psi.

2. The technique of “normalizing" tube inlet data to selected
initial Panellit pressurss as outlined in HW-L2L59 C was
verified as being applicable for different venturi sizes
and for a double orifice combirnation.

3. Veriations in rear header pressure had no apparent
effect on mirimum Panellit pressure durirg fiow re-
ducticns or the normalizing technigue.

L. For tube powers of 700, 110C, and 1400 KW, “sudder plug"
similation was carried out with plug flow rates as low as
two to three gpm with rear header pressure of 75 psiz and
initial outlet temperature equallirg 130 C. Tube power
was reduced according to a programmed simulated 1100 ih
scram as soon as severe film beiling cond:tions were de-
tected by heater rod temperature increase. In no case
was the scram initiated less thar fcur seconds aftexr
piugging and obtaining minimum Panellit prassure. And.
in no case did heater rod damage occur due TC SXCess Tem-
peratures after the scram was initiated. A check rur at
1400 KW with 125 psig rear header pressure indicatzs that
the higher rear header pressure allcws a very smaell in-
crease 1in the allowable time lapse betweern piugging and
rower reduction. :

Hydraulic Studies. Experiments were ccnductei %o dstermine
pressure drop for two Jiffsrent itypes of Ivei zismer
1__501" (avs\ D 301id Fuel slamente v g __681 "1

alloy tube. One type support consisted of a plate (anproxlma*ely 3/4
wide by one inch long by 0.03C" thick) welded with its plare tangent to

P A . TS o= Ll Lot 2o "_...'_-».v—-‘\
RLE—1~= »....‘.. RN O =Yy = A e

da Y PN 3 EN g, ) ~v
“na * =0 b= ol - et al— - -
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handle" shape (approximately 3/16" wide by 2-1.8" long by C.075" raised
portion) made from ~-0.03C" plate.
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The data show & AP for the flat plates which is atout 1.08 times the
A P for the "suitcase handles". This ratio varies slightly with the
rate and the temperature because of the conditions mentioned below.
The 1.08 value is somewhat of an average value for a flcw of 30 to
4O gpm and a temperature between 15 and 50 C.

EW-63L59.%

The data obtained show twe suggestive characteristics: (1) the general
slope of the flow versus A P data is greater for *ke "suitcase handles"
than for the flat plates, and (2) the variation ir A P with fluid tem-
perature is greater for the flat plates than for the "suitcase handles”
These two characteristics would lead one tc believe that the flat plate
exhibits a greater propcrtion of wall shear stress than the "suitcase
handle" or conversely that the "suitcase handle' exkibits a greater
proportion of contraction-expansion type turbulence lcosses than the

flat plate. This ccmpares well with the dimensicnal characteristics of
the supports in that the flat plate has about seven times as much surface
area as the "suitcase handle" and only 1.5 times as muck cross-sectional
projected area as the "suitcase handle"”

Critical Flow Experiments. Experimentation was carried out on critical
flow existirg in the flashing of initially subcooled water through stort,
sharp-entrance nozzles with diameters of approximately one-half inch and
lengths of one-fourth, one-half, one, and three inches. Holding the
nozzle inlet conditions constant at 100 psig and either 140 C or 160 C,
the back pressure was changed in small increments and the effect cf
these changes upon the discharge rate was roted. Tze results cbtained
were unexpected in that two distinct critical fiows existed for the same
upstream conditions.

At a sufficiently low pressure differentiel acrcss tke nozzle the usual
dependence of pressure drop on the flow squared was zcted. After a
certain critical downstream pressure was reached, the discaarge rate was
found to become independent of AP, ard this conditicn zmormally could be
expected to persist for all Jdownstream pressurss less tkar this value.
‘This was, however, not found to be the case. 3By iecreasir.g the down-
stream pressure further to such & value that tie dowmsiresn pressus
corresponded to the saturation pressure at the upstream temperature, a
distinet departure from critical flow was in evidence. A Zurtkher de-
crease in the downstream pressure resulted in s re-establishment of the
flow squared-pressure drop derenderce. When the downstream prassure was
decreased even further, a second "rlt"_cal pr ssure differential was noted
after which a further descresse in downstream pressure would ncw cause a2
corresponding ircrease of flow. Subsequert measured pressure proiiles
inéicated that the lower valued critical pressure valusz corresponded to
a choking corndition which was occurring in a zone near the entrance
(vena contracta) of the nozzle at the axial position where tke pressure
was such that the water was saturated. This critical zone ceased ©

exist zt the 2bove menticned cconditions. The second cr high pressure
differential critical was observed to apparertly cccur at thz nozzl

exit as was expected. This "Jouble-critical" ccadition was nct in ev‘
dence when inlet flow was saturated or at low quality, rcor was it cbserved
in nozzles where L/D ratic exceeded approximately the valiue of six.
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Boiling Burnout Conditions for NPR Fuel Elements. Lesboratory heat
transfer experiments were continued to determine the beiling burnout
conditions of flows and heat generation rates for the NFPR tube and
tube type fuel element. Thirteen boiling burnout points were obtained
that are applicable to the outer cooling annulus of the fuel element.

Two different test sections were used in the experiments. The first
consisted of an annular cooclant passage formed by a 2.390-irch OD
heated surface within a 2.70-inck ID process tube. The second test
section was a single heated tube with water flowing through the inside

. in a passage possessing approximately the same hydraulic diameter as
the annulus in the first test section. Both test sections had heated
lengths of 24 inches.

The boiling burnout points were cobtained for the following ranges of
conditions: flow, 1,000,000 to 5,000,000 1t/hr-sq ft; cutlet
conditions, 1 F subcooled to 10% by weight steam; heat flux at burnout,
595,000 to 1,695,000 Btu/hr-sq ft. An initial analysis of the data
showed that the burnout conditions for the two test sections were
almost identical.

Boiling burnout for these test sections was detected by ncting a sharp
increase in temperature of the heated surface. In all cases the power
was then decreased before the test section melted. Experiments were
terminated with the annulus test section due to failure cf thermocouples,
while the single tube test section failed when a longitudinal crack
opened, apparently due to thermal stresses.

Test Section for NPR Heat Transfer Experiments. Bids were received and
orders placed for materials to build a full-scale experimental heat
transfer test section simlating the downstream half of an NPR charge

of tube and tube fuel elements. Efforts *to develop welding techkniques
suitable for joining the dissimilar materials used to achieve the cosine
heat generation along the length of the test section appeared tc be
successful. :

Shielding Studies

Attenuation Measurements. The following table swmmarizes the data cb-
tained by baking two types of iron-serpentine concretes at varicus
temperatures.

DECLASSIFED
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Loss of Water in Iron-Serpentine Corcrete

Type I Type II

Beke Densitg Water Content¥ Densitg Water Content®
Temp., °C  (1b/ft3) (1b/ft3) (1b/££3)  (1b/£t3)
As-Cured 268 15 223 19.2
(about 25°)
As-Cured 267 13.3 221 17.2
(about 60°) \

100 261 8.0 - -

320 260 €.4 21k 10.7

*Includes water in serpentine.

The gamma dose rate (through 48 inches of concrete ir the 320 C test)
was 8 x 10-3 mr/hr/M¥ for type I and 2 x 10-2 mr/hr/M{ for type II or a
factor of 2.3 greater. To obtair the total dose rate, the dose rate
- from the neutrons would be added to the gamma dose rate. PRecause of
the higher water content of type II, the neutrorn dose rate is expected
to be smaller than that of type I. This informatior is not available
at this time; type II is being irradiated for the first time after
being baked at 320 C, and the folls from the 320 C test on type I are
being counted.

Shielding Instrumentation. After four months of operatiocn ircluding an
instrument move, the multichannel analyzer develoved & marginal failure
in the adder circuit as well as several tube failures ani a power suprly
failure. Repairs have been affected, and a major chassis realigmment
has been completed.

Initial checkout of the new Argonne neutror chamter shows that the
calibration source has beern spread inside the chamber <o such ar extent
that the chamber is not usable in its presert condition. Initial
checkout procedure is under way cu tihe original Argonne cheaber which

- - - - EES B ~ an] + TS mmma we e e e < -
is now vacuum tight, and resulis o date indicate Tuasv Tl casmber Is

usable.

Design ard Component Tesﬁing

NPR Charge Machive. The order for a prototyps magazine has beern placed.
Work crders were issued for febricatior of ome trarnsfer arm assemrly,
one idler roll assemtly ard the power »oll assembly. Desigr of thes

magazine pesiticning asserbly is 65% complete.

WEAPONS - 300C PROGRAM

Pesearch =2nd develorment in +the £i=ld of pluforium metallurgy continued in
support of the Hanford 234-5 Building Operations and weapcns development
programs of the University of California Lawrence Radiation Laberatory
(Project Whitney). Details cf these activities are reported separately via

“distribution lists appropriate tc weapons development work.
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C. REACTOR DEVELOPMENT - 4000 PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

PRTR Fuel Fabrication. The first 30 elements for critical testing of
the PRTR are currently being etched and autoclaved. The etch facility
was activated, and rods were etched before acid leaks developed in the
system which necessitated a shutdown for repairs. Twelve of these rods
were autoclaved at 400 C and 1000 psi for 48 to 92 hours, but three of
these were rejected due to acid staining. The acid staining appears
to be caused by high surface temperatures attained in the semi-static
etch tank. By increasing the agitation rate and decreasing the etch
rate, the problem seems to be minimized.

Preparations are well advanced for refabrication of these elements for
PRTR power operation. This design (Mark I-H) utilizes the 0.035 inch
wall Zircaloy-4 tubing currently on order and scheduled for delivery

in July. Refabrication is required due to the seriously cracked
condition of the Zircaloy-2 tubing aveilable for the original fabri-
cation. In addition, the refabrication allows the incorporation of

the latest development results: increased tube wall thickness to
reduce collapse under reactor coolant pressure which causes damege on
thermal cycling and possible change of core alloy to improve separations
problems.

Fabrication Development. The pneumatic injection casting equipment

1249512

being developed for fabricating PRTR fuel elements will not consistently
produce castings over 90% density. The porosity that exists in the
castings is not evenly distributed throughout the fuel rods so that

the in-pile heat generation would not be uniform along the length of
one-halif inchn diameter fuel elements. Various methods of nheating and
"hot topping"” have been tried iz an effort to feed shrinkage porosity

in one-half inch diameter fuel rod castings, but no satisfactory solu-
tion has been found.

Aluminum was injection cast irto 89-inch long, 3/4 inch Aiameter,
Zircaloy tubing that was flattened on a rolling mill to 1/4 inck by
one inch cross section. Porosity was significantly reduced on the
two castings that were made irn the flatiened tubing; hcwever, the
thitlkmess ¢f these elements was nct uniform because the Injection
pressure expanded the 1/ inch dimension of the cladding so that the
inlet end was 1/8 inch thicker than the opposite end.

In ancther design that was tried the tube was not flattened all in the

same plane, but the direction of flattening was rotated 90 degrees
every five inches. This alleviated the swelling problem and could have

UNCLASSIFIED
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a beneficial effect on the thermal ratcheting difficulty experienced
with round rods, since the tube shortened 5/8 inch after the aluminum
solidified indicating that differential longitudinal expansion and
contraction could be restrained when such a fuel element operated.

in a reactor. The radiographs of this casting revealed only two defects
and no porosity at the junctures of the alternately flattened sections
where it could be expected to be porous because of the larger cross
section.

Thirty billets were cast for fuel fabrication; eleven were cast in

steel molds to compare the amount on blistering in extruded rods

between graphite and steel molds. Twelve other extrusion billets were
cast with lower silicon contents to determine the minimum silicon con-
centration required to impart corrosion resistance to an Al - 1.8 w/o Pu
alloy with the nickel level at 1.3 w/o. One alloy was cast with zir-
conium substituted for silicon, and two alloys were cast at a higher
plutonium concentration. The corrosion resistance of these alloys will
be evaluated after the rods are extruded.

Final fabrication of the Mark I-G end brackets for the FRIR loading

is near completion. Distortion was held to a minimum by restraining
the parts and sequence welding, the atmosphere was changed from helium
to argon because it is much easier to weld manually in an argon atmos-
phere then in helium. Due to time consumed assembling the brackets,
it is only possible to fabricate six brackets in an eight-hour period.
The holding fixtures are used on each assembly.

Fuel Evaluation. The eleven-inch long Zircaloy clad, 3-rod cluster
containing 1/2 inch diameter grephite lubricated Al-Pu rods which has
been irradiated 17.5 days in the GEH-4 loop has been returned to
Hanford for examination. Dimensionally, the element appears to be
unaffected as a result of its irradiation, and no "crud" has formed
on its surface. The heat transfer portions of the rods, however, have
a mottled effect of light and dark areas. -Perhaps this was caused by
intermittent heat transfer contact between the core and ciadding.
Fission gas analysis will be conducted before the rods are sectloned.

The Zircaloy clad 3-rod Al-Pu cluster which has as muck as nine mils
gap between the core and cledding has been reinserted into the loop
for an additional cycle of operation and the 42-inch long Zircalcy
clad UOp-PuOo element has been sent to the EIR for irradiation. An
in-pile thermel cycling experiment of a 42-inch long T-rod Zircalcy
clad Al-Pu element is being proposed.

Radiometallurgical examinetion is continuing on the sixteen irradiated
Al-Pu and Al - 12 w/o Si-Pu alloy capsules (GEH-14-5 through 12 and
GEH-14-42 through 49). During decladding operations on the Ai-Si-Pu
alloy specimens, it was cobserved that mechanical and/ or metallurgical
bonding between the fuel core and the Zircaloy-2 end cap had occurred
on an AlSi - 20 w/o Pu alloy capsule (GEH-14-49). The sample operated
J‘(.ﬁ.s the )rea.ctor- with a maximum core temperature (ca.lculated) of 897 F
1 C).

UNCLASSIFIED
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Facilities. The 30-ton mechanical compacting press has been checked
out with the new dies. Some machine work will be necessary before
the electric clutch and brake can be repaired in the kcod.

The gas generating equipment for the hydrogen sintering furnaces has
been started up and found tc work satisfactorily. There is still a
considerable amount of testing and modification necessary before the
furnaces can be started up.

Work has.been started on the loading hoods for the wvibratory compactor.
It is hoped that delivery of the vibration equipment will be made soon
after the first of the fiscal year.

The modification of the gamma absorptometer to determine the density
of full length oxide fuel rods is continuing. A feeding device has
been built, and the lead cask holding the sensing unit is being med-
ified to mount the uranium colliminator.

U02 Fuel Development

Febrication Develcpment. The "Magnetic Force" Resistance Butt Welder
has been installed and trial operated. Various welding parameters are
being investigated to find the optimum weld Jjoint design and machine
settings. Closures orn 0.563 OD Zircaloy-2 clad fuel rods can te mede
by this process ir air, vacuum, helium, or other atmospherss. Tke time
of welding current flow is 1/60 of a second. Normal sequence of the
machine theoretically would permit making approximately 250 clssures
per hour in an air atmosphere and 60 welds per hour in a vacuum or an
inert atmosphere. The heat required for welding is generated Ly the
electrical resistance of the material being welded. Zircaloy and
stainless steels are amenable to the prccess because of <zelr relatively
high electrical resistance.

Zircalcy-2 clad, PRTR size fuel rods were swaged with lead as a core
material to provide dummy fuel eiements for in-reactor physics tests.
These rods will be assembled into standard PRIR 19-rod fusl eiement
clusters.

A density of 97.5 percent of the theoretical was chtained by compactircg
PWR type UO2 in a Dynepak machine under conditions which resulted in a
density of 99.4 percent wiik micrornized UOs. Compactiorn c¢f +the micronized
UCz at the same pressures, but at room temperature, resulsed ir denzities
approximately 83 percent of the theoretical. BEquipmen* is bteing assexbled
for resistance heating cf stainless steel capsules ICrI' COMPACTion SXper-
iments 2% higher temperziares.

Hot swaging of -100 mesh UO2 n Incorel-X tubing at 1200 C resulted in a
density inorease 22 11 :er ent of thecretical cver tiral cttalnel by

swaging at room temperature. The cladding was resistance heated through
graphite contacts.

UNCLASSIFIED
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Twelve fuel elements were fabricated by vibrationzl compaction for
measurements in the PCTR by Nuclear Physics Research. The UQO2 cores
(Norton fused oxide) have a particle size composition of 60 w/o

(-3 +20) mesh, 15 w/o (-35 +100) mesh, and 25 w/o (-200) mesh. The
aluminum clad elements are 2.00" OD with a 0.035" wall thickness.

Ten of the elements are 36" long, and two are 8' long. Similar elements
clad in stainless steel will be fabricated.

Fuel elements consisting of a central colum of undersized pellets,
embedded in vibrationelly compacted powder also are being investigated.
Zircaloy-2 tubes, 0.505" ID, were loaded with sintered pellets,
approximately 0.465" diameter. The pellets had a density of Sk per-
cent T.D., and were badly chipped and cracked. Fused UOp, consisting

of 70 w/o (-35 +65) mesh and 30 w/o (-200) mesh, was added to the top

of the columm, and the assembly was vibrated on the Genisco-Savage
moving coil vibrator at frequencies between 300 and 5000 cps. The bulk
density of the UQO2 core was 93 percent of theoretical UOp density, and
radiographs showed nearly perfect alignment of the pellets in the center
of the rod, with the powder uniformly distributed and tightly packed
around them. Capsules are being prepered for irradiation. One of the
potential applications of this method is the fabrication of fuel elements
containing mixed urenium and plutonium oxides in any predetermined gec-
metric distribution.

The Genisco-Savage 750-pound force vibration system was transierred to
the Radiometallurgy Building for fabrication studies of recycled,
electrolytically reduced UO2. .

Corrosion Studies

Zircaloy Fretting Corrosion Tests. The first fretting test on Zircaloy-2
has been completed in CEP-2 at 316 C and pH 1C. The system simulates

a single PRTR rod with a Zr-2 circular spider suspended in a Zr-2 tube.
The variables being studied are velocity, clearance tetween the spider
and tube, vibration freguency of the system, and contact area. Several
significant observations have been made:

1. With a 5-mil clearance, fretting has occurred on the
spider and tube even without applied vibration.

2. TFretting is the same at 15 and 30 ft/sec flcw velocity.

3.V The oxide film does not prevent this fretting.

e e & < v ES ISP i - Y - 2
L. Fretiing increases when the natural vitraticas cf the

loop (from flow, pump vibration, etc.) are supplemented
by additional sample vibration.

5. Penetrations after three weeks are estimated tc be

apprcximetely one mil with no externel vibration and
one to two mils with an additional one cps vibration.
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The test is being continued studying clearances of 20 mils and 50 mils
and supplemental vibrations of three cps. Preliminary data indicate
that clearances as large as 50 mils do not result in as severe fretting
as smeller clearances and that fretting is more rapid at higher fre-
quencies. It was observed that much more extensive peretratior tock
place where a Zr-2 member was contacting the sharp threads cf a set-
screw than where larger contact areas were involved. In another test
ar eight-foot single-rod PRTR fuel element with the wire wrap cut at
one end to simulate a broken wire was exposed for one week in pH 10,
300 C water. There were no signs of fretting on the fuel rod or wire.

Corrosion of PRTR Shroud Tubes. Plain and Siressed Coupons of 6061-T6
aluminum alloy have been exposed for a month to a flowing mixture of
water vepor and helium at 305 C and atmospheric pressure. Tke water
vapor is in equilibrium with water at TO C. No highly localized cor-
rosion has been observed, and no measurasble weight gains have been
obtained.

Cleaning of Aluminum Corrosion Specimens. An efficient cleaning method
has been developed for aluminum corrosion specimens. Specimers exposed
at temperatures from 130 to 300 C (including heat transfer surfaces)
have been completely cleaned without significant 1oss of base metal.
The method (described in HW-64483) involves heatirg of the specimens

to 300-500 C, and subsequent cleaning in a solution of phosphoric acid,
sodium dichromate, and acetic acid.

Structural Materials Develcpment

PRIR Process Tube Monitoring. The Mark I prototype process tube
monitoring equipment is being developed and assembled to inspect the
process tubes in place in the reactor prior tc power operation. De-
velopment testing of lens and lighting systems is procezding withk the
aid of a rented TV camera. Delivery of an improved camera is pronmised
for August 1. An ID measuring device employing differential trans-
formers is teing developed by PIRDO, and assembly of a test mcdel has

begun.

A mechanical device for accurately positioning the sersing head ir the
process tubtes is essentially designed and procurement of tnis and other
needed auxiliary equipment is in progress.

Mark II Process Tube Monitcring Development. In contrast to the Mark I
monitor, the Mark II monitor must perform in a high intensity ganma
radiation environment. In addition to TV viewing and ID measurement,

- et 9 -~ - e e e g v L e e ] —~m o w
devices will be desveloped ic measure ths wall thickress and ga3 gap and

to detect flaws and hydrogen pickup.

Irradiation tests nave beern started to determine acceptanie componernts
for & television camera to operate in the high gemma fieid %o be en-
countered in the PRTR. Little change in characteristics of vacuum
Tubes, other than browning of the glass envelope, was roted after
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106 roentgens gamma radiation. Little change was noted after the same
irradiation on & p-n-p and one n-p-n type transitor while another n-p-n
type showed a 35% change in base conductance and resistance.. The peak
current on & tunnel diode decreased slightly after the same irradiation.
Corning Glass Company purified fused silice appears to be the most suit-
able material for optical and lighting systems and vidicon face plates.
Current informaetion indicates that little darkening is encountered to

at least 109 R total gamma. Samples have been ordered for comparative
testing with ordinary and "non-darkening" "Crown" and "Flint" glass and

ordinary fused silica.

Little change in characteristics have been noted after 108 R total gammea
on barium titenate, lithium sulphate and quartz ultrasound transducer
crystals for a Vidigage wall thickness tester. A special barium titanate
crystal probe curved to fit the PRTR tube ID has been received from
Branson Instrument Company for evaluation of wall thickness measurement
from the inside using only water for ultrasound coupling.

Instrument Research and Development Operation is investigating the use

of eddy current methods for measuring the insulating gas gap between

the Zr-2 pressure tube and the Al shroud tube. Using a magnaflux circuit
it was demonstrated in a mockup of the Zr-2 pressure and shroud tube that
the gap and changes in the gap could be detected. The signal output
increases as the gap decreases, indicating the present experimental setup
is more sensitive when the gap thickness is small.

KER Loop 1 Tube Examination. Two l5-inch tube samples were cut from the
Zircaloy-2 tube irradiated in KER Loop 1 and delivered to the Radiometal-
lurgy Laboratory. Thorough examination of the inner surface of sample #l1
failed to show the pit defect reported in the in-pile borescope examina-
tion of the tube. Several spots which, prior to splitting of the tube
sample, appeared to be pits were actually spots of crud deposit. The
bottom half of the tube was generally covered with a reddish film while
the film in the upper half was more spotty and localized. A full cross
section of the tube is being examined by metalliograpny. To facilitate
hendiing, polishing, etc., the cross section has been cut into s5ix
segments. One segment from the upper half of the tube has now been
examined metallographically. It was found that recrystallizetion to the
extent of more than 50% had occurred. At the extreme outer surface, very
substantial grain growth had occurred. From examination of this cae
specimen, it is anticipated that recrystallization will be found in the
entire cross section of this sample as further metallographic examinaticna
is carried out. In this one sample there was no metallograpnic evidence
of hydriding. Examiration for hydriding will be continued.

Zircaloy Sheath Tubing Evaluation. The first fifty-five 0.505-inch ID
Zircaloy-2 sheath tubes from Order No. HOK-L424L00 for 200 tubes were
Inspected by Radicgrephic Tesiing Operstion end the resulis reported.
The vendor specmflcatlona for this order require outside surface Zyglo
examination for acceptance and inside surface Zyglo examination for

record only. Routine inspection at Hanford includes ultrasonic and
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eddy current tests on a 100 percert basis and spct checking with Zyglo.
'During routine irspection at Hanford, all 55 tubes passed the <ddy
current test, 18 randomly-selected tubes passed inside surface Zyglo
examination, 25 failed tc pass the ultrasonic test, and five of the 25
also failed to pass the outside surface Zyglo examineaticr.. These five
tubes will be returmed to the vendor for credii sixzce they skeuld have

beer rejected by the verdor.

Failure of the Zyglo test to correlate with the ultrasonic test was
traced to the presence of a surface film of oil or greas=s which pre-
vented the fluorescent dye from entering the surface defects. This
information has beer fed back to the vendor for remedial action on

further shipments.

‘Radiometallurgy Laboratory Studies

Services, equipment, ard additicnal shielding are being instelled in
the decontamination cell for fabrication of fuel rods from partially
decontaminated, electrodepcsited UOo (RM-328). Examination of Zircaloy
clad Pu-Al rods showed aluminum diffusion into the claddirg ard hy-
driding of the Zircalcy (RM-658). Intermal pressurs disterted but did
not rupture the end cap of a swaged UQOp capsule. A large quartity of
fission gas was withdrawr from the capsule {RM-6(7). A purpcsely de-
fected, swaged UO2 capsuie was examined to determine hydridirg of the
Zr-2 cladding. Hydride concentratior. appears tc 5C ppm “wc ixckes
from the hcle but only 10 ppm at the hole (RM-505). Thke causs of
failure of a UOp rcd-and-tube element was found 0 Me reaciticn hetween
Zr-2 and UOp at the site of localized heating (RM-601). Complete
sintering and some relocation of the fuel was revealed by sxamiraticn
of a U02-PuOo capsule (RM-653).

Results and interpre*a bions of these examinations will te reported in
more detail in connection witk the respective development programs of
Fuels Development and Pilutonium Metallurgy Operations

Thermal Hydraulic Studies

Problems of a Small Leak Doﬁnstream of +he Orifice ir. a PRTR Process Tahe

‘A small leek downstream of the orifice of & PRLR process Luce Wouls 51g-
nificantly reduce the flow ras*t the fuel element withour causing = sig-
rificant increase in the flow through the flow monitor. Pritection
flows whick might cause “Soiling Purmout oy means of a higt flsw trip
would be questionable under ccnditicns of original iesign. Tre decisicr

has Tteen made to ravise the suppiy characteristics To zake & kign flow
trip feagitle. Elimiretion ~of +khe cemszrvatism of the original analveis
of this problem reveals that if tne ring header %o ring Leader pressure
drop were decreased by 20 pounds and the tube inlet orifice revised 4o

2 B avr bt o v A

provide about 2 28 psi fricticnel pressurs drop. & Algh Siow Sxip of 11CS
would provide adequate protection. The decrease in the ring =zs2ader to
ring header pressure will be acccmplished Ly trimming *he primary purmp

impelliers. However, since the con=erva+1=m of tihe origiral aralysis has

UNCLASSIFIED

124958



UNCLASSIFIED A-27 AW-65459

been eliminated, namely in the discharge Piping two-phase pressure drop
calculations, experiments will be made to confirm the degree of pro-
tection obtained.

PRTR Project Management and Design

Phase IIT PRTR Contract. The Phase III contractor is estimated to be
about 88% completed as of June 1, 1960, versus a scheduled 95% based on
a contract completion date of June 2k, 1960. Over-all PRTR Project is
estimated to be about 91% completed versus a scheduled 93% based on the

revised project estimate.

Installation of the reflector vent line on the calandria was successfully
completed, and the calandria was installed on Mey 6. The top primary
shield was installed on May 13, and steel shot poured into the core region
of the shield. No work was accomplished on fabrication of the reactor
core from May 13 through May 23, as a result of the contractor not having
the tools necessary to check the alignment of the top and bottom shields
and the calandria.

Assembly of the fuel handler in the reactor building is about completed.
Rail stops and limit switch brackets are being installed for the floor
rails. It has been necessary to raise the cask to permit travel across
the reactor hall floor, which is out of tolerance in a number of locations.

The acceptance tests on bow measurement, hydrostatic and leak testing of
process tubes were completed during the month. Bow measurements and
assembly of tubes and nozzles were completed.

The first river pump was tested and run-in for the six-hour period
called for in the acceptance test. The power cable to the second pump
was defective and failed during starting. A new cable is scheduled to
be installed about May 25, at which time the pump will be run-in. The
~river pump-condenser facility should be turned over to GE shortly there-
after, at which time a 70-day run-in of these pumps will be started.

The Phase III contractor has_installéd the periscope support plate, the
vertical shield, and the cover blocks in the Fuel Examination Facility.
This completes the installation of the shielding obtained from Mosler

Safe.

The contractor continued installation and fitup of piping in the various
flow systems. It appears that his prefabrication methods are causing
some difficulties in matching the as-built locations of the vessel
nozzles. This is particularly true in the primery system between the
pumps, BX-1, and pressurizer.

The rotating and stationary secondary shlelds have been prime coated

and moved inside the containment vessel preparatory to closing the large
construction opening in the containment vessel.
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Load-Out Cask. The vendor resubmitted the cask drawings with the re-
quested changes incorporated. The drawings were approved and returned
to the vendor. Fabrication has been started but is proceeding slowly.
Expediting has been asked to take the steps necessary to insure meeting
the mid-June delivery date. An estimate of $2,150 was received from
Minor Construction for decking the load-out cask traller and mounting
the heat exchanger and cask saddles on the trailer.

PRP Criticel Facility (Project CAH-84L2). The bid package for the
building was completed and forwarded to the AEC for inclusion in the

Maintenance and Mockup bid package.

The development work required on the adjustable weir, the control and
safety rods, the thimble tubes, and the source positioner has been

started.

An addendum clarifying the lock specifications has been prepared and
is being circulated for approvel. Design of the thimble tube recircu-
lating coolant loop is under way.

Fuel Element Rupture Test Facility (Project CAH-867). The revised
project proposal, HW-64309, which requests total funds, has received
approvel at HAPQO and has been forwarded to Washington for Atomic Energy
Commission action.

The test of the design criteria is being routed for approval. Prelim-
inary procurement specifications for various special items of equipment,
such as circulating pumps, regenerative heat exchanger, and cooling
heat exchangers, are being prepared to facilitate rapid action when
funds are authorized for the project.

'Work on transient analyses has continued. The objectives of these
studies are to determine the behavior of the system during various
disturbences and the effectiveness of convective circulation of coolant
after total power Tailure.

Several methods for cooling a stuck and ruptured fuel element are being
investigated. These methods provide for cooling the fuel element in-
definitely and provide a backup for the normal transfer cooling time of
one-half hour. The methods under consideration all modify the jugger-
raught to feed water into the top of the test section.

Design and Component Testing

Design Test PR-1 - Discharge Operation Mockup. The design cf +he revised
shroud assembly for the PRIR fueling wvehicle was completed.

PR-1C - Primexy Locp Meckup. PRIR primary preocess pump Ms. 3%2h72,
which required 52 oz-in balance correction on the flywheel on April 23,
required only three oz-in correction on April 27, when it was re-
assembled after inspection of the mechanical seals. The change ir
imbalance was probably due to looseness in bearing fits or flywheel core.
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A hot test of 68 hours on pump No. 352471 was completed on May 2. Vi-
bration of the pump shaft and pump case during this test was two mils
and 0.2 mil, respectively. Inspection of the seals following this test
indicated some overheating of the seal faces.

All four primary process pumps are now at the Byron-Jackson factory
undergoing the following modifications:

1. Double the moment of Inertias of the flywheels.

2. Trim the impellers to reduce the head 20 psi at
4200 gpm and a specific gravity of 0.873.

3. Improve the fit between the shaft and the flywheel
core, impeller core and bearing races.

4. Change the radial bearing to a thrust bearing with a
10° contact angle. The thrust bearing will be pre-
loaded downward with 1000 pounds spring pressure.

5. Rebalance each pump assembly.

The prototype process pump was disassembled for inspection on April 27,
after completing 3685 hours of operation including 6€ starts. The high
pressure seal was in excellent condition with 86 mils of raised face
height remaining on the carbon face. The leak rate pricr to disassembly
of this seal was 0.1 gph at equilibrium operation.

The pump was reassembled on May 12, using a new self-adjusting seal
assembly which breaks the pressure down across two sets of faces. A
100-hour hot test on this assembly was completed on May 1€. Leakage
during this test was 3 to 3.5 gph. The pump seal was disassembled for
inspection following the hot test and was fourd to be in excellent
condition. The pump was reassembled with no relappirg of seals and has
since operated 162 hours. Leak rate has now decreased to 1.3 gph.

The R/M Vee-Flex pecking rings, Style # R/M 1204, installed on the smelli
capacity Aldrich pump, have operated 360 hours with a very small leak
rate. .

Prccess tube #6063 was re-installed in the sirgls tube prototype loop
and was operated for 255 hours and six thermal cycles durirng the month.
Total operation for tube #6063 at simulated reactor conditions is now
2255 hours.

The nozzle-to-process tube (NTPT) seal of the single tube prototype
operated for 255 hours during the month with an average leakage of

3 Ma s - l - - -t woddm  mle f gy ~~ o~ -~ = -~ o~
2.2 :nl/nr This seal was made without shimming, axld nc spparent rezsco

has been found for the high leak rate. A new gasket kas beern instailed
in this location.
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The special NTPT test piece was operated for 350 hours at 500 F and 33
temperature cycles. Two gaskets were tested with shimming and two
without shimming. ILeak rate for the unshimmed gaskets averaged less
than 0.2 ml/hr. Leak rate for the shimmed gaskets continued to be
excessive, ranging from one to ten ml/hr and became progressively worse
with increase in operating time and temperature cycles. Bolt loading
of the gasket did not change during these tests. Evaluation of the
shimmed gasket seal will continue. -

Nozzle cap seal experience improved during the month; however, this seal
is not yet conéidered reliasble. The cap plugs of the single tube proto-
type and the flexure loop test nozzle were modified by relieving the
gasket inner retaining ledge. Two gasket seals were evaluated on each
nozzle. The first seal on the single tube prototype leaked at a rate of
20 ml/hr. This seal was again modified which resulted in a leak rate of
1.5 ml/hr for 200 hours of operation. The first gasket seal on the
flexure loop test nozzle operated for 350 hours and 35 temperature cycles
‘with a leak rate of 0.2 ml/hr. The second gasket seal operated for 210
hours and 20 temperature cycles with a leak rate of 0.4 ml/hr. A re-
designed cap plug incorporating a wider gasket has been fabricated for
use in the single tube prototype nozzle.

PR-40 - Shim Control Mockup. Operation of the corrosion test mockup
continued during the month.

A new motor, replacing the one which failed last month, was received from
the vendor. This motor was placed on test and failed electrically after
about three hours of operation. An order has been placed with Western Gear
for four motors for test and evaluation. Delivery is scheduled for June 25.

The four assemblies received from APED have been tested, and one had a
short from the common limit switch terminal to ground. This defect is
being repaired. The other assemblies operated satisfactorily.

APED has thirteen additional drives in various stages of final assembly

and testing. These thirteen drives are scheduied for saipment by Juane &.
Completion of the last seven drives is contingent on replacement motors.
Delivery of these motors is being expedited. One motor, whnich was here

for testing, has been shipred to APED.

PR-70 - Helium Compressor Test. Testing of the oil make-up pump con-
tinued during the mernth.

PR-80 - 4ir Cooling Duct Test. Final testing of the air ducts was
completed, and operation of both ducts was satisfactory.

Special Tools. Fabrication of the load-out cask pizi and hanger remover
has been completed. Initial tests indicate +that the design is feasible.
Fabrication of a mockup to facilitate further testing was started.

Modification of the push rods for the fuel element extractor was started.
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Procurement of components and material for development of the skroud tube
removal tools was started. )

Drawings for the nozzle elbow cut-off saw were issued for comment.

Electrical Structural Opening Sealers. The final report, HW-64972, was
issued.

PRTR Process Instruments. Orders were piaced for the precision servo-
manometer for accurate measurement of the height cf the FRIR moderatcr
and for the fuel element temperature detectors for the Fuel Examination

Facility.

Design Analysis

PRTR Safeguards Analyses. Analyses presented in HW-61236 SUPL, which was
‘written to describe actions taken and provide information with respect to
the ACRS comments on PRTR, were discussed with the PRTR Sub-Committee of
the ACRS and personnel of the Hazards Eveluation Branch, AEC, on May k4,
in Washington. No objections were raised to tke actions indicated or the
information presented in regard to the ACRS commerts. The proposed
changes in the limits for exhaust air activity and reactor thermal power

were accepted.

The PRTR Sub-Committee, ACRS, recommended that furtker consideration be
given to the installation of a particulate filter in the ventilation
exhaust air stream. Further, they recommended that the process tube flow
monitor system be revised to provide safety circuit trip protection for
process tube leaks in the range of 65 to 108 gpm. It had beern propcsed
that safety circuit trips to protect agains*t the consequences of 65 to
108 gpm process tube leaks be initiated by pressure switches iu the
reactor dry gas system and tke lower access space when the pressure in-
creased in these locations as a result of process tube leaks. As indi-
cated in HW-61236 SUPl, the present tube orifice design restricts the
flow increase resulting from a process “ube leak sufficiently to prevent
a2 high flow trip unless the process Tube leak is greater tzan 108 gpm.

It is now planned to reduce the excess dynamic headi of the primary coolant
upstream of the venturis sc *that a process tube leak of 65 gpm or greater
will result in a safety circuit trip. Process tube leaks less tharn

65 gpm may result ir bulk boiling but not iz film bhoiling.

PRIR Startup Preparations. The Hazards and Restrictions S ry section
for the PRTR Critical Test document was discussed witi the Startup Council.
Comments of the Council were incorporated, and the sscticn prepared Ior
firal publicatior. :

Writing of PRTR Process Specifications continued. Fiffy percent of the
rocess Speciliczaticns have beexn writlen In rough dralt form., Talirey
percent have been rewritten in finel form, incorporating comments of the
PRTR Startup Council, ard six specifications have beer approved bty the
Council.

UNCLASSIFIED

1249521



UNCLASSIFIED - A-33 HW-65459

Individual test descriptions are being written for the power test phase
. of PRIR startup. A preliminery description of xenon poiscning measure-
ments has beer completed.

PRTR Process Tube Ruptures. Calculations were made to determire the flow
transients following various size ruptures in a PRIR process tube. In
each instance the rupture was assumed tc occur at the base cf the fuel
element and the reactor was scrammed within about one second following

the rupture.

In meking the calculation, the following sequerce of everts was assumed.
After a rupture occurs, a steam-water mixture will disckarge from the
break. Dependent on the size of the rupture, flow will originate either
from both ring headers or from only the bcttom ring header. It was assumed
that the primary pumps would operate normally until the pressurizer was
voided. After the pressurizer was drained, the pumps were assumed <o be
vapor locked and no longer operable. Tke reactor coolant at this point
was assumed to be stagnant. At this time flow to the brezak will be from
both the headers for all rupture sizes with liquid cr steam-water mixtures
pessing from both legs. The liquid ir the heat excranger, outlet 14"
pipe, and top ring header is discharged through the prccess tube leg.
Similtareously, the inlet 14" line is being drained through the inlet
Jumper leg. Wken the entire outlet piping, heat exchanger, and cne-half
the top ring neader had been drained, it was assumed that the affected
process tube was "blown down". At this time pure steam will pass through
the affected process tube. The system pressure begins tc decay approxi-’
mately when the pumps lock. The initial decay is primarily 3Jue to tke
expanding gas volume thus decreasing the helium partial pressure. The
pressurizer pressure will drop from 10LO to about 800 psia during the

time required to blow down the affected prccess tube. After the process
tube is blown down, the pressure decay rate increases since tie D20

vapor pressure is alsc being reduced tc create the necessary steam fiow
rate at the existing system pressure. After the process *tube is tlown
down, the affected fuel element is cooled only by superkeated steam

until the system pressure decays to 100 psia and emergexncy lignt water
injectior begins.

Rupture sizes witk equivelent diameters of C.75" 1.12", and 1.38" were
examined. Following a rupture the critical pericd cccurs afzter the
precess tube i1s blown down. The critical process tube is deperifent upon
the size of the rupture. Large ruptures will allow larzs steam flow
rates in the affected tube and thus prevent excessive fuel element tem-
perature rises. The large steam flcow may, however, cause the 1ntact
process tube fuel elements tc become uncevered {due to loss of liguil
coolant) 2nd thus to experience excessive terperstures. A small ruptioe,
on the other hand, wiil 1imit the steam flow in the affected tute and
possibly cause high temperatures. The small lesk rate will reduce the
possivilily of uncovering fuel zlements in intact tubes.

The 1.98" hole size was examined to determire Low long & *ime an intact
process tube fuel element would remain uncovered. Assuming that oniy
the steam flow discharging from the process tube leg is removed from
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the reactor core inventory cf D20, these calculations indicate that fuel
elements in the intact tubes will not become uncovered before the system
pressure decays to 100 psia. The steam flow rate in the affected process
tube decreases to about 2.0 1lb/sec. Since about a 0.2 lb/sec flow is
adequate to maintain Pu-Al fuel element temperatures below 1200 F, the
affected tube is more than adequately cooled.

Thus, it appears that large process tube ruptures do not lead to excessive
fuel element temperatures. The 0.75" diameter case was calculated to
determine the time available before steam flow over the affected fuel
element becomes inadequate. For a rupture of this size, however, the
total discharge rate decays to less than the mekeup feed rate of 32 gpm,
and hence before the steam flow rate becomes irnadequate, the reactor core
is filled and D20 spills over into the affected process tube. In other

' words, & steam flow rate of less than 0.2 lb/sec in the affected process
tube apparently will not occur.

Critical Facility Analyses. Analysis of the worth of control and safety
rods in the PRPCF has been initiated. The variation of rod worth as a
function of radius predicted by the IBM-709 Code RECON has teen compared
to the variation expected from the statistical weight distributions
determined in multigroup calculations. This comparison reveals that the
representation of statistical weight by [ﬁb (‘lﬁ{JFE as in RECON approxi-
mates very closely the exact weight @@*. ( u is the major radial buckling,
R is the radius, P is the radial flux, and f* is the radial importance
function). »

Kiretics studies of the PRCF have been initiated in support of the kazards
evaluation of the system. Data to be used in an analog study are being
compiled. '

Calculations of radiation dose rates for thke final shield design of the
Critical Facility are under way.

PRP Shielding Analysis. A review of the PRTRO lizt of potential sources
of radiation was completed. This review resuited in a recommendation
for shielding around the air filter on the PRTR fueling vehicle when
handiing ruptured fuel elements.

The radiation dose rate a* a point immediately outside the 26" and 12"
steam line penetrations c¢f the PRTR contaiament vessel was calculated
to be in the range of 175 to 200 mr/hr during reactor operation. It was
recommended that seven inches of steel shielding be prcvided for these
perietrations.

PRP Physics Analyses. The S-4 One Group Transport Cylindrical Cell Code
has been prepared for use, and a document concerning the code has been
putlished as ZW-65031.

Reactivity and moderator level change versus reactcr period have beern re-
calculated using revised delayed neutron fraction values. The results
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Moderator at Step Level Increase of
Half level (55") - 1/2" 1" 1.5"
Period (sec) 16.6 3.8 2

Reactivity (mk) 1.72 3.4 5.16

Three-Quarter Level (83")

Period (sec) 78.0 28.0 13.2

Reactivity (mk) 0.65 1.3 1.95
Full Level (106")

Period (sec) 200 10k 61

Reactivity (mk) - 0.525 0.788

Work on two dimensional analysis of the PRTR core is continuing. This
work is to be performed with the TO9 ANGIE Code.

Consideration was given to the reactivity effect of increasing the Ni
and decreasing the Si content alloying aluminum in Pu-Al fuel because

of chemical processing problems with Si in the present alloy.  Based

on a previous analysis, the effect of doubling the present Ni content
(from about 1.3 to 2.4 percent) was estimated to result in an additional
reactivity loss of about five milli-k. This can be compensated by the
addition of one spike element.

Heat generation and reactivity studies of two 7-rod cluster fuel element
configurations were completed at the request of Plutonium Metallurgy
Operation. In one case each fuel rod contained a center region cf de-
pleted UO2 surrounded by a mixture of PuOp and natural U0z (0.35 w/o
PuOp). For the second case each rod contained a center region of MgO
surrounded by a similar PuOp-UOp mixture. Heat generation calculations
were also made for seversl cases of solid PuQz cores of varying rod
diameters and densities, surrounded by MgO. This work was perfcrmed
utilizing the IDIOT and S-4 computer codes.

Plutonium Fabrication Pilot Plant

The project is estimated to be 96% complete.

Construction work on the oxide fuel line is complete. The sintering
furnace gas system was placed ir full operation with the ald of wvendor
representatives. Startup work on the sintering furnaces is under way.

Mr. Gunther Von Elbe of Combustion and Explosives Research, Inc.,
visited the plant as an cperations safety consultant. He inspected the
furnaces and the furnace gas system and discussed the testing, startup,
and operation of the furnaces with operations and project personnel. .

He will present a report within a few weeks, probably before intro-
duction of hydrogen into the furmaces. '
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Construction work on the second floor, with the exception of pairting
the corridor floor, was completed. The plaster partitions have been
left unpainted due to lack of project funds.

The 20-inch rolling mill was received May 9. It was set and leveled,
the base was grouted, and work on the electrical conrections was under

way at month's end.

Installation of the cryolite reduction furnace and hood was completed.
A1l of the concrete block partitions and building wall parels were
completed and plastered. Painting of these plaster panels will depend
on the availability of prcject funds.

PRTR Operatiors Planning

Pre-Startup Activities. Seven operating procedures were issued during
the month. Seven additional procedures will be issued in June. The
remaining eight procedures will_be written when sufficient BPF or design

information is available.

The first shipment of heavy water, 85,000 pounds, was received at
month-end.

In response to a request of PRTRO, Operations Research ard Synthesis
personnel reviewed the statistical accuracy of the heavy water liquid
level instrumentstion. The analysis revealed that there is little
statistical value iz performing two volume determirnations on each of
the three heavy water systems. Accordingly, & recommenda*ior was made
to the PRTR Startup Council to eliminate Design Tests 41, 42, and 43
from the Design Test Schedule. These tests pertain to light water
volume determinations of the three heavy water systems.

Approximately 50% of the PRTRO analytical equipmert was received
during the month. It will be used for training purposes until
needed for process analysis.

The PRIR Electrical Manual was issued to interested PRP personnel.
The marual will be used in the electrical system training program

being conducted by PRTRO engineers for the engineering assistants -
and technicians.

Stock Adjustment Requests have been prepared for all spare parts
considered tc be of a high-priority rnature. A number of b»ids have

beer reviewed and orders placed. Purchasing has beer asked to

expedite the parts order for the Hofer High Pressure Helium Compressors.

Liaison is in progress with Facilities Engineerirg Operation who will
coordinate "Third Party" inspection and pressure vessel review Sor

PRTRO.
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Startup Tests. All design tests, except the light water injection
system test, have been submitted for final operational and design
review. The light water injection test is being withheld pending
final design of the system. Design of the auxiliary heating system
for hot tests of the moderator, reflector, top and bottom shield
coolant systems is complete. Procurement of the electrical heaters
and other components has been initiated. :

Rough drafts of six of the anticipated 33 power tests were reviewed, -
including Xenon Poison, Fuel Element Rupture, Pilot Tube, Heavy Water
Quantity and Quality, Reactor Heet-Up and Cool-Down, and Equipment
Malfunctions. )

PRTR Training Program. The general written qualification examination
on the reactor and its systems wes taken by thirty-one members of
PRTRO. In addition, four persons took the written examinetion on the
automatic controller, reactor safety systems and other operational
festures of the reactor. To date, all persons who have taken the
examinations have demonstrated they have excellent comprehension of
the reactor and its systems.

Training efforts continue with extensive review of piping systems,
operating procedures, control room panel discussions and study of
shut-down and alarm annunciators.

2. PLUTONIUM CERAMICS RESEARCH

Experiments during the past month on plutoniﬁm carbides have been
directed toward obtaining data on the kinetics of the reaction

Pu02+c—-—-——-9 PuC + CO

Indications are that the reaction begins with a slight evolution of
gas at about 850 C. With increased temperatures, the rate of gas
release increases parabolically and at 1500 C the reaction is ex-
tremely rapid. ZX-ray diffraction analyses have shown the reduction
of Pu02 and conversion to the carbide to be dependent on carbon
content and temperature. The following phases were present after
1.5 hours at 1575 C in vacuo. The quantities of carbon represent
that in the starting materials and are, respectively, 50%, 75%, and
100% of the cerbon needed for stoichiometric PuC forme+tion.

Pure Pu02 soP:% c 75P:7§ c 1ooP:7§ c
85% Puoz 65% Puo 15% PuOp 50% CL Pu03
1550k Pup03  35%cl Pug03 159 d-Pup03  50% PupCs
708 (3 Pug03
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From this experiment the reduction route appears to be
PuO2 A -Pup03 —————3 B Pup03 ————> Pu carbide..
It is thought that the 50% PupC3 mey have formed from (3 -Puz03.

This mechenism of oxide reduction and carbide formation has also been
cbserved by heating, at constant time, to progressively higher tem-
peratures. 02 is a close packed hexagonal structure with ay =
3.827 & and co 6.027 8. Very little PuC has been formed from Pu0p
and the major carbide phase is always PugC3. This is probebly the
result of poor temperature control with the large induction coil, since
the PupC3 formation at these carbon concentrations is the result of a
peritectic decomposition. Single phase PuC has been formed, however,
by the decomposition of PuH3 at 1450 C in vacuum. The resulting cubic
structure had a lattice parameter of L4.968 R.

One conceivable method of determination of in-pile sintering ard
irradiated densities in ceramic materials might be structural hardness.
A correlation between pre- and post-irradiated hardness of UOz-Pulp
pellets is thus being attempted. The following data were obtained on
pre-irradiated sintered pieces with a Tukon (10 kg loed) microhardness

tester.
% Theoretical Density Uo2 U02-60 Puls
67 140 90
71 180 --
73 -- 2ls
76 230 -
7 -- 128
81 -- 325
85 355 --
91 700 -

When hardness is plotted versus density for each composition, a fairly
uniform curve results with the exception of one point. For the case
of pure U0z, a very sharp hardness increase is seen between 85 and 91
percent of theoretical density. High density () 94% TD) pure Pu02
pieces cracked under the 10 kg load, and it may be necessary to use a
smaller load or different type of hardness test for these extremely
brittle pieces. It is intended to obtain hardness data on capsules
discharged frcem the MIR.

Examination of the 24 irradiated UO2-PuQp high and lcw demsity népsules
is in progress. A brief summary of the flSSlon gas measurements ob-
tained t¢ date Is as follows:
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GEH-1k4 No. 19 - 21 90 83 87 88
UOo-Puls, (a/o PuOgp) 0.0259 0.0259 0.0259 1.02 L.13 5.67
Pellet Type mco(l)  Mco (@) MM MM
% Theoreticel Density 90 65 91 93 o1 91
Fission Gas Analysis:
: Ky, (%) 2.8 1.23 <¢0.1 ¢ 0.1 0.19 ¢0.01
Xe (%) 1h.5. 11.4 0.1 € 0.1 0.89 4.3
Fission Gas Release,$ 23
Burnout of Total
Atoms, (a/0) 0.18 0.13 0.15 0.15 0.16 - 0.10
Calculated Initial Core
Center Temp. (°F) 3400 1600 2300 3800 2500 3100
Central Void
Formation No Yes No

(1) MCO = Mixed crystal oxide (UOg:PuOQ::S:l) diluted with natural UOo.
(2) MM = Mechanical mixture of PuOp and natural UO2.

Facilities. The thermal conductivity device and controls were moved and
installed in the 308 Building during this period. An initial testing of
the device showed that the recirculating pump contributed a significant
amount of heat to the cooling system. Calculations showed thet approx-
imately 208.6 k-cal were added to the system at equilibrium conditions.

* This additional heat may necessitate some changes in the cooling system.
Under the present conditions, the coolant temperature at equilibrium
is approximately 53 C.

A BET surface area apparatus for measuring fine particle surface areas of
plutonium-containing powders has been designed. The glassware ccmponents
of the apparatus are 85% domplete, and assembly awaits the completion of
an open face hood and equipment rack. Other essential components such
2s vacuum pumps, furnaces, and a cathetometer have been reczived or are
‘on requisition.

The Perkin-Elmer-Shell Model 212 sorptometer is being investigated.
Perk:n-Elmer literature meintains that this erparatus greatly simplifies
apparatus requirements and significantly speeds analytic prccedure.
Although BET data are now the most widely accepted, the sorptometer

may be a useful complement. Pricing and availability information has -
been requested.
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3.

URANIUM DIOXIDE FUELS RESEARCH

Fuel Evaluation. Swaged UO2 capsules attained an estimated exposure of -
approximately 16,000 MiD/T in the MIR and ETR. Electrolytically reduced,
vibrationally compacted UQo was successfully 1*radiated tc 3500 MWD/T

at heat fluxes in excess of 1,250,000 BTU/hr/ft2 at the Zircaloy-2
surface. No failures of swaged UO2 fuel elements have occurred during
irradiation.

The third in a series of tests of deliberately defected, swazed UOo fuel
elements was completed at the MIR. A much higher concentration of
fission products was observed in the coolant during this irradiation
than during previous defect tests. The increased fissicn gas release

is attributed to the use of more finely divided UQp. The Zircaloy-u
clad element is being sectioned to determine the extent of hydriding.

To study higher operating temperatures for swaged UOz fuel, two 7-rod
clusters have been fabricated with rod diameters of 0.906". Depleted
UO2 was swaged to 86 percent of theoretical demsity in the 0.032" wall
304 stainless steel cladding. The three-foot long clusters have a
central rod with six rods positioned around it on a 2.062" diameter
bolt circle. The clusters have been flow tested and are ready for ir-
radiation in the ETR 6x9 loop. ,

A three-foot long, T-rod cluster of UOp swaged ir 0.C30" wall Zircaloy-2
and Zircaloy-4 cladding has been fabricated for a defect test in the
ETR. Two rods clad in Zircaloy-2 and twe clad in Zirceloy-4 have been
purposely defected with 0.005" diameter holes to study hydriding in the
cladding and to gain more informetion on fission gas release under in-
reactor rupture conditions. All rods complied with PRTR fuel standards
before being defected.

A vibrationally compacted, Zircaloy-2 clad fuel assembly was discharged
after 2k days of irradiation in an ETR loop &t a coolant temperature of
524 F. The three-foot leong, 7-rod cluster contaired fused UOp. The
assembly will be returred for post-irradiation examinaZior.

Basic Studies. The Newsletter No. 18, covering fundamental s+tudies of
uranium dioxide, was received from Harwell, duplicated. and distributed.

Detalled evaluvation cf elsciron microscope features, performance, and
applicability to ceramic fuels research was complete4 Performarce and
design characteristics lead tc the conclusior that the JEM instrument
can best fill our needs. Bids have teen received.

The contract with BMI for continuation of thermal conductivity measure-
ments of both irradiated and unirradiated UQOp was reactivated. New
specimeas for unirradiated UOz measurements are Leing developed.
Another in a series cf UQOp thermal conductivity specimers was remcved
from a Hanford reactcr after approximately two years ¢f irradiation;

~it will be sent to BMI.
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Melting points 50 to 100 C higher than that of unirradiated UOo were
determined in preliminary studies of irradiated UOp in a shielded,
high temperature microscopy facility. Additional melting point de-
terminations and other studies are continuing.

Sampies of irradiated uranium dioxide have been shipped to Harwell,
England, for fundamental studies. Similar samples have beern used
by Ceramic Fuels Development for thermel conductivity and fractography

experiments.
BASIC SWELLING STUDIES

Irradiation Program

Construction and testing of two types of capsules have continued: one
containing carefully precharacterized metallographic swelling specimens
and the other containing general swelling specimens.

General swelling capsule #5 was assembled, successfully bench tested
and shipped, along with control equipment, to the reactor in April

but still awaits authority for charging. Capsule #4 is continuing

to perform according to design expectation at a control temperature

of 550 C. The internel spacers in these capsules have been redesigned
to handle hollow, split, cylindrical specimens that will be irradiated
in subsequent capsules of this type and componernts are beirnz fabricated.

The split cylinders are about one-half inch in diameter, ore-half inch
long, and have a 0.030-inch wall thickness. Calculations indicate that
the temperature adlent ac*oss the specimens would be less than 10 C

in a flux of 10t sec™. Preliminary tests indicate that these
specimens can be readlly handled in tke Radiometallurgy "Hot Lab"
facilities with respect to density, metallography, hardness, etc. Due
to the small size and the large surface area tc volume ratic of these
cylinders, there was some question as toc whether high precision density
determinations could e mede. Accordingliy, Lou* specimens having
welghts greater than 2.1 grams and less than 5.5 grams, and having
different geometries were subjected to critlcal density measurement to
establish reliability limits. Three immersion liquids, H20, Hg, and
tetrabromoethane were utilized for density measurements. Determinations
in Hg give poor precisior and accuracy; the precisions for tetrebromc-
ethane are better thar those for water as the immersion medium., For the
2.1-gram uranium hollow cylinder emplcyed, the organic medium yielded a
density value of 19.020 ¥ 0.060 g/cc with a 95 percent confidence limit.
Tetrabromoethane will, therefore, be employed in density determinations
for attainment of high precision and accuracy.

The three metallographic specimen swellirg capsules that were assembled
for the irrsdiaticn test all failed during bench tests ccnducted prior
to shipment to the reector. The failures were due to the internal heater
connection shorting to the capsule wall as the capsules were heated. The
capsule that was built to establish the validity of the neat transfer
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calculations, operational characteristics, temperature and power limits,
and cooling water requirements performed satisfactorily during berch
testing as more clearance existed between the heater and capsule wall.
New parts have been fabricated, and assembly is in progress on three

more capsules.

Pore Size and Distribution. Optical and electron microscopy are being
used as a direct means for determining the size and distribution of
pores in irrediated uranium. Various applications of microscopy to
irradiated and unirradiated uranium are being investigated.

A precharacterized metallographic specimen, cne of a series of six
irradiated in the MIR to burnups as high as 0.25 a/o at low temperatures,
is being processed. . This specimen, GEH-1lL-33, irradiated to a calculated
burnup of 0.03 a/o at a maximum temperature of 200 C increased less than
cne percent in volume. The diameter of the cylindrical, 15-gram specimen
increased from 0.5017 to 0.5030 inch, and its length remained the same.
Optical microscopy on replicas of the specimen clearly shows evidence of
extensive grain distortion and twinning on the free surface; original
microhardness indents have been sheared and partialliy displaced within

a grain, and Bilerbaum microhardness scribe lines show nonlinearity at
grain boundaries. Electron microscopy reveals no swelling pcres with
diameters greater than 500 8. The next specimen to be examined will be
GEH-14-37, irradiated to 0.07 a/o at a maximum temperature less than

200 C. Feasibility of bonding urenium to uranium by dbutt welding and

by contacting a droplet of molten uranium with a ccld clean surface of
uranium is being studied. If a sharp narrcw diffusion bond as revealed
by differences in the uranium microstructure on either side cf the bond
can be achieved, then non-irradiated uranium will be bonded to irradiated
uranium and the sandwich will be subjected to annealing studies. The
purpose of this study is to establish the mobility of fission gases
present in the irradiated portion of the couple into the non-irradiated
portion. Six experimental couples are being sectioned and pclished for
metallographic analysis.

Specimens with a burnup of 0.29 and 0.4l a/o burnup, respectively, are
being processed for short-term post-irradiation annealing studies to
parallel previous longer term annealing studies. Statistical aralysis
of pore diameter frequency distributions in the anrealed specimens is
continuing. ‘ :

5. IN-REACTOR MEASUREMENTS OF MECHANICAL PROPERTIES

This program has been initiated to determine the mecharical properties
of structurel materials during irradiation. Currently, tke study of
in-reactor creep properties of Zircaloy-2 is in progress. The specimen
is annealed Zircaloy-2, and a duplicate specimen is being tested in the
laboratory to provide a direct comparison with the in-reactor test. The
test temperatures for both specimens have been raised since the last
reported creep data from 500 F to 550 F (260 to 287 C), while kolding
the stress at 30,000 psi. An increase in rate in the creep of the
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ex-reactor sgecimen was observed; the rate has increased from 1.5 x 10-7
t0 1.5 x 107 in/in/hr. However, technical difficulties with the in-
reaector instrumentation have not permitted any significant readings

this month. - The carrier current generator in the creep monitor for the
in-reactor creep sensors slowly lost its output causing the readings to

" become erratic. The transducers are still satisfactory as determined

by use of a second monitor. The condition in the monitor was caused
by a resistor chenging value and overloading the local oscillator. This

- condition was reported to the vendor, and corrective measures have been

made on the instrumentastion on the multi-ranged transducer monitors for
the second generation capsules now on order.

A plant visit was made to the vendor's plant to observe the construction

of the capsules and to check on the methods and calculations of the heat

transfer within the capsule. The construction is proceeding on schedule,
and delivery should be made during the month of June. These capsules are
expected to be more reliable than the prototype now in use. '

The design is being prepared for a capsule capable of operating in a
vertical position in the ETR at Arco, Idaho. The major difference in
the capsules is the smaller size required for an ETR instrumented
irradiation.

GAS-GRAPHITE STUDIES

EGCR Grephite Irradiaticn Tests

The irradiation capsule for the third GETR experiment has been completed
and was installed during the Cycle 13 shutdown about M=y 20. This
capsule contains graphite similar to the type to De used in the EGCR.

EGCR Combustion Hazard

At the request of the AEC, the basis for predicting ignition temperatures
in the event of air leakage into the EGCR was reviewed. The Hanford
analysis indicates that combustion temperatures will be lower than those
previously predicted by Allis-Chalmers. The ignitior terperatures under
EGCR transient conditions have not yet been computed, but the A-C
computer procedure is being modified to run calculations based on pre-
dicted oxidation rates.

Smell-scale latoratory experiments on the combustion of graphite in
oxygen are currently being used to check critical assumptions in the
oxidation rate calculation. The full scale EGCR burrning prototype is
scheduled to be ccmpleted in about three weeks and will be immedigtely
utilized tc test the equations for predicting igniticn temperatures.

Graphite Oxidation by Oxyzen

idation studies on CSF grephite at temperatures of 530 C to 700 C indi-
cate a zero order reaction with respect toxxygen in that range. Rates
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in air are within experimental error of those observed in pure oxygen.
An activation energy of 48 kcal/mole was noted. The order of the re-
action of graphite with oxygen is subject to some controversy and
enters into the calculation of ignition temperatures.

Gas-Graphite Capsule Irradiations

Four capsules filled with pure COp to pressures of 246, 276, 489, and
626 psig were discharged from a Hanford reactor, and examination of
these samples has been started. Mass spectrometric analysis of the
gas in one capsule shows 90 percent COo and seven percent mass number
28 (CO or Np). The graphite sample and the walls of the capsule were
deposited with a dark-black, sooty meterial.

Microwave Studies

A microwave glow discharge was esteblished in COp at pressures of 175,
300, and 500 microns of mercury. At each pressure, input power levels
of: 63, 94, and 125 watts r.f. were used. The gzlow discharge cell
was positioned in front of a 50-micron input slit on a Jarrel-Ash,
diffraction-grating emission spectrograph and ion spectra were photo-
graphed. Identification of characteristic lines is being made.

Fourier Analysis of X-Ray Diffraction Lines

During the annealing of high temperature irradiated graphite, it appears
that the x-ray diffraction line shape is affected more significantly
than the line position. It is worthwhile to attempt a more careful
analysis of the changes in line shape during annealing since further
insight into the state of the damaged graphite might be gained. One
technique, which can be used, is the Fourier analysis of the 3if-
fraction lines. A 709 computer program designed to yield the values

of the complex Fourier component, corrected for instrumental broadening
in the manner of Stokes/Proc. Phys. Soc. (London) 61, 382, (19:2)f has
been completed by Data Processing. Since a general formulation was
made, the program is not restricted to the analysis of any particular
materiel.

Prrolytic Graphite

A number of pyrolytic gzraphite samples, cbtaired from GERL as part of
HAPO Contract ATH-HLO-3-60, have been characterized by x-ray measure-
ments and are being prepared for irradiation. A range of Co lattice
spacings was found from 6.704 R, a value characteristic of natural
flake graphite, to 6.89 &, which weuld be characteristic of highly
demaged graphite. Apparent crystallite sizes ranged from 4o R to
greater than 2000 2. These extremes were exhibited or materials from
& single deposit; one having teen heat = treated to 300C C. Since
the two materials are identically made except for heat treatment, the
analysis of the behavior of the materials urnder higk temperature ir-
radiation should be simplified.
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Graphite Coatings

Coated samples of graphite end coating-base graphite samples have been
discharged after several thousand MWD/AT at high temperature. The
coated samples which include representative materials from three dif-
ferent manufacturers were visually inspected. The SiC coatings appear
to be in very good condition with no change in general appearance and
no large cracks or blisters. These samples will next be exposed to
flowing air at 1000 C. Prior to irradiation, the same test was run to

check for coating integrity.

Thermal cycling of unirradiated SiC coated graphites has been started
at a rate of approximately six cycles/hour over the range of 200 C to
1000 C. Two samples have been run to date, and there appears to be
no damage to the SiC coatings.

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

The Phase "C" portion of the pressurized gas cooled loop (loop services
and interconnections) was awarded to J. A. Jones in the amount of $85,905.
Specifications for Phase "D" bid assembly (installation of the loop
equipment ) were completed during the month.

Fabrication of *he first in-reactor test section is approximately 75%
complete. All component perts have been machined, and assexbly welding
is in progress. Pressure tube for this section is Inconel. The second
test section is scheduled for completion by June 30, and will have a
Hastelloy-X pressure tube. ‘

Fabrication of the Phase "A" packaze by Struthers-Wells is approximately
95% complete. The one-half inch Hastelloy-X tubes for the electrical
pre-heater have been partially rejected due to weld cracks, consequently
delaying completion of this item. It is anticipated that one blower
will be dispatched from Bristol-Siddeley to arrive at least three days
ahead of loop testing, which is anticipated to commence about June 10.
The first blower mey subsequently be returned to England if additional
performance testing of this blower is necessary.

Discharge cask drawings, revised as a result of comments on the first
issue, have been reissued for comment.

Gas Loop Component Testing

Design of the assemblies for mounting the in-reactor section for testing
was completed. Requisitions for mockup components were issued. Fabri-
cation of the assemblies was started.

The ginmbal bellows expansion joint failed in testing after 410 hours of

operation which included 314 pressure, temperature, and flexure cycles.
Failure occurred as two cracks, one in the root and one at the top of a
convolution. A new bellows type gimbal joint has been installed in the
furnace and testing has started.
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' The dome seal was extensively modified to improve the lesk rate. The
last assembly operated for 100 hours at 1500 F and 500 psig with a leak
rate of 0.005 cu ft/day.

The nozzle closure test assembly for use with various types of gaskets
continued to cause trouble. The cap was modified to use six hold-down
bolts instead of three. Improved seal performance resulted but is still
not adequate. A variety of spiral wound gaskets have been ordered for

testing.
Gas Loop Design Analysis

The feasibility of using bottled helium ges as emergency back-up coolant
in the gas-cooled loop wes examined.

The total weight of helium required to maintain the shroud tube tempera-
ture below 600 F following the simultaneous loss of both the helium shroud
coolant and the CO2 primary coolant was determined. The proposed backup
helium will enter at the top of the reactor into the process channel,

meke & single pass, and then exit at the bottom.

The largest helium supply will be required when the incident occurs
during reactor shutdown while the loop coolant is maintained at a
maximum 1500 F temperature and the maximum shroud tube temperature is
529 F. With these conditions at the time of the incident, about 130
pounds of backup kelium will be required to maintain the shroud tube
temperature below 600 F for the first hour. In these calculations the
backup helium flow rate was assumed to be constant at 1000 lb/hr for the
first 10 seconds. The flow rate then decayed exponentially to 100 lb/hr
in five minutes. After five minutes, the flow rate was assumed constant
at 100 1b/hr.

Further calculations indicate that if the incident occurred during full
power reactor operation and with a 500 KW fuel element in the gas loop,
the backup helium requirements are reduced to about 100 pounds for the
first hour following the incident. Further calculations are in progress
to determine the backup helium requirements if the helium is injected
simltaneously into both the shroud annulus and the process channel.

A series of anticipated transient conditions are currently bteing set up
on the Berkeley analogue computer. Results are not yet available.

Irradiation Effects on Nickel-Base Alloys for Gas-Cooled Loop Facility

Nickel-base alloys are being ccnsidered for use as in-reactor structural
materials for the gas-cooled loop in the PRTR. Tensile specimens of
Inconel, Inconel-702, Hastelloy-X, and Hastelloy R-235 have accumilated
approximately two months of exposure of their respective three and six
months of irradiations. Thin washer samples of several candidate alloys
exposed for 30 days tc reector atmosphere and reutrons are being measured
for weight gain and hardness change. Four additional alloys, Ferral
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modified (ea iron base-aluminum-chromium alloy), AISI 406 stainless,
AISI 304L stainless, and AISI 316L stainless, will be irradiated for
evaluation of changes in mechanical properties. Tensile specimens of
these four alloys are being prepared for irradiation as the next phase

of the program. -

RADIATION EFFECTS OF METALS - 5000 PROGRAM

Radiation damage recovery is being studied for a number of mete.ls', namely,
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stain-
less steel. Tensile properties, microhardness, electrical resistance, and

 x-ray diffraction spectra are being studied to determine the characteristics

of recovery mechanisms. One hour isochronel annealing treatments at 25 C
increments were extended from 575 to 675 C for molybdenum, from 225 to 300 C
for iron and copper, and from 275 to 375 C for titanium. No significant
changes have occurred since the last report. Isochronel annealing of zir-
conium and nickel specimens was terminated after annealing at 625 and 600 C,
respectively. Other specimens of zirconium and nickel are now being prepared
for iscthermal annealing. Molybdenum specimens containing 0.066 w/o carbon
were solution treated at 1700 C and artificially aged at 300 C for periods
up to 2k hours. The lattice expansion produced upon solution treating
corresponded to & solution of 0.008 w/o carbon at interstitial sites in the
molybdenum lattice. After aging, increases were observed in lattice par-
ameter, hardness, and (400) line width. This suggests that the hardening
mechanism is much more complex than precipitation of carbon from solution.
The material appeared to over-age after 16 hours at 300 C.

CUSTOMER WORK

Radiometallurzical Examinations

1.47% Enriched I.& E Fuel Elements (RM-4O4). Two additional self-supported
elements that had been exposed to some of the highest specific power levels
were received for examination. Although these two pieces had been irradiated
under very severe conditions, they appear to be in much better condition
than the other elements examined previously in this test. There appears to
be very little deterioration of the aluminum cladding on the outside. Exam-
ination of the core and bonding quality is progressing.

Examination of cracked Process Tubes from 105-H (RM-406). Examination of

samples from the second transversely cracked process tube failure from
105-H was begun. A longitudinal section exposing the tube metal from
interior to exterior was removed. The sample contained one crack which
penetrated the tube wall and two cracks which began at the internal surface
but did not extend completely through the wall thickness. Metallographic
examination showed that the cracks had occurred along stress risers present
in the tube. It was noted that other stress risers were present with no
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Concrete Testingii<m3§2!. Concrete core samples from the dome of storage
tank 241-A-103, 200 E Area have been received and prepared for compression

testing. .

Metallography Laboratories

~Annealing of samples is in progress for the study of time and temperature
effects on the grain structure of AlSi braze material. Tests Just completed
have shown the furnaces being used have less than ¥ 2 C vaeriation between
the indicating thermocouples and a sample in any position within the central
working zones of the furnaces. These furnaces will be used to anneal
samples at six different temperatures for times of from one to 100 days.
Additionsl samples will be prepared in another facility for exposures of
less than one day.

A chemical etch for removing Zircaloy-2 cladding from uranium is an acid
mixture of about 20 volume percent hydrofluoric (48%) strength and 80 volume
percent nitric acids. Zircaloy-2 cladding has been successfully removed
from uranium samples with this acid mixture with wvery little attack of the
uranium. The reaction starts easily at room temperature.

The results and interpretations of these and other metallographic examin-
ations and electron microscopy work will be reported in connection with the
respective research and development programs served.

Samples Processed During the 'Month:

Total Samples L6l

Carbon Replicas 54

518:

Photographs:

Micrographs 332
Macrographs L6
Electron Micrographs 200
578

Special Fabrications

To date, 288 fuel rods have been shipped to the Savannah River Laboratory.
The coextruded rods contain Al - 7.35 w/o Pu alloy and are clad with
aluminum (X-8001 elloy). At the present time there are 369 pieces in the
process stream, and they are distributed as follows: .

93 cast fuel cores

I extruded and straightened rods
193 rods ready for final etching and inspection
_T19 rods ready for shipment

369 rods total.
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Of 515 rods subjected to the ultrasonic bond test, 453 (88%) were satis-
factory. The specification calls for rejection of a rod if a non-bond
area greater than 0.125 square inch is detected.

Contamination of fuel rod cladding with mercury has been noted on six to
nine rods. Laboratory experiments have shown that four ppm Hg in the
HNO3-HF etching solution will produce rather uniform discoloration of the
fuel rod cladding. To date, it has not been possible to duplicate the
condition observed on the actual fuel rods. The contaminated rods each
exhibit one spot only, and it is usually 1/32-1/16 inch in diameter and
located fairly near the mid-section of the rod.

In the acid etching treatment of the finished rods, a preliminary 10%

HNO; rinse followed by a running wabter rinse, has been included. This
preliminary rinse has the purpose of dissolving any salts or mercury
droplets which may have been the source of the mercury contamination in
the past. The effectiveness of this pre-etch treatment is not truly knowm,
but in the etching of the 102 rods this month, there were only four cases
of suspected mercury contamination of the etched rods. Even in these

four suspected cases, the etch baths were not mercury contaminated, as

had previously occurred before the pre-etch rinse was started.

Two hundred forty-one Al - 7.4 w/o Pu billets were cast for coextrusion
cladding in high exposure plutonium fuel fabrication process; twenty-

six billets which were remelted were rejected for gas pockets. All
billets were cast with both end configurations eliminating machining and
scrap generation. The cut-off operation was eliminated by closer control
of the tolerances on the mold and redesign of the cap.

The casting process is as follows: aluminum and plutonium are alloyed

at 900 C for 20 minutes. The billets are cast at 760 C. The fire clay
pouring cup is broken and the hot-top is clipped off with bolt cutters.
Sharp edges and high spots are removed by filing. The billets are then
ready for etching and assembly.

Two dummty billets of 1100 Al, representing the five-foot I & E element,

were extruded using e tapered, floating mandrel and a streamline die

with 90° entrance angle. The first billet was stopped halfway through

the extrusion step and part of the extruded length and butt was sesctioned and
etched to reveal flow lines. The second billet was extruded to ~~six feet

in length. Measurements taken from radiographs of this element show the
walls and annulus to be uniform along the full length. The extrusion is

to be roller straightened and returned to radiogrephy to determine any
dirensional changes caused by straightening. Both of the extrusions
exhibited smooth immer and outer surface finishes.

oy T )
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The design of a component billet, having a 800L Al can and a €823 Al
contoured core, was completed and is currently being fabricated, and
the billet design for a 10-foot I & E extrusion has been prepared.
Calculations for a three-shell pre-stressed container for this size

billet are proceeding.
Ft) Gtbnngl

Menager, Reactor and Fuels Research
and Development

- FW Albaugh:kb

: —
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PEYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION
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FISSIONABLE MATERIALS - 2000 PROGRAM

FUELS

Nuclear Safety in FPD

Nuclear safety calculations for 1.1% enriched NPR tube-in-tube fuel elements in
water have been completed. Based on these calculations, the muclear safety of
+he proposed autoclave facility in the 333 Building was evaluated and found to
be acceptable; the results were submitted to Design a.nd'Pro,jects.(l) FPD plans
to install two rows of ten autoclaves at a spacing of six feet between rows

and alternating four and six feet between autoclaves within each row.

Each autoclave is to be 14" I.D. by about 80" high and will have capacity

for a “otal of 42 tube-in-tube fuel elements (three tiers, 14 fuel elements

ver tier). The nuclear safety calculations show that, a) the autoclave diemeter
is safe by 40%, b) the maximum autoclave loading (mass of uranium) is safe by
50%, and c) the spacing between autoclaves is safe by about 10% (based on solid
angle-interaction formulations). :

STUDIES RELATED TO PRESENT PRODUCTION REACTORS

Neutron Rethermalization Experiments

The analysis of traverses of the thermal activity of copper across a temperature
diszontinuity in grephite has continued. The objectives of this analysis have
been £o find the rethermalization cross sections of graphite which yield tke best
fits 4o the experimental +traverses and to determine the sensitivity of the cross
sections tn the uncertainties in the assumed diffusion persmeters. The rether-
malization cross sections have been determined and the sensitivity tests have
been started.

The experiment with no tempersture discentinuity (293°K) vas anzlyzed to yield

the "best" diffusion parameters for use in the analysis of experiments with tem-
rerature discontinuities. A number of interesting results were found in this
analysis. The fast flux could not be fit with sirgle values for the slowing down
cross section and diffusion coefficient in the experimental region. However, the
objective in fitting the fast flux was simply to obtain the correct shape of the
thermal neutron source, if necessary, by modification of any parameters which were
not involved in the coupling between the fast and thermal fluxes. This was accomp-
lished by introducing a negative absorption cross section for fast neutrons in the
outer region and keeping the slowing down cross sections and fast diffusion coef-
ficients equal in both regions.

The £it to the thermal flux was obtained by adjusting the thermal absorption cross
section of the fuel region». The cadmium ratio was satisfied by changing the magni-

(1) _Persomal Communication, C. L. Brown to W. L. Hampson, May 11, 1960-
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tude of the thermal flux only through adjustment of the slowing down cross sections.
When the slowing down cross sections were changed, the inverse relaxation lengths
established by the fit to the fast flux were held constant by adjustment of the
fast diffusion coefficients. The fact that only the magnitude of the thermal flux
changes with a change in the slowing down cross section is difficult to show for
this problem using the normal boundary conditions of diffusion theory. However,

an extension of some earlier work has shown this to be the case.

All of the diffusion parameters determined in the analysis of the room temperature
experiment were employed in analysis of the remaining four experiments which had
temperature discontimities. Initiel results were found by assuming the rethermal-
ization cross sections were-equal on both sides of the temperature discontimuity.
These results are tabulated in Table I. These results do not yield the best fit
to the experimental curves. In view of the latter, the restriction of equal re-
thermalization cross section was discarded and the vivariate iteration on unequal
cross sections was carried out. The results are tabulated in Table II. These re=-
sults are still to be considered preliminary. Only the low temperature set of data

is expected to change appreciably.

This expected change is due to the temperature dependence of the diffusion coef-
ficient for thermal neutrons. An approximate calculation indicates changes as
large as 20% in going from 3009K down to 1009K. A single test analysis with an
increased diffusion coefficient indicates a very large change in the rethermali-
zation cross sections. Further investigation of this problem is underway.

TABLE I
RETHERMALIZATTON CROSS SECTIONS EQUAL

Macroscopic
Cross Sections
: ' Inner and
Temgera:tures Quter Regions
%k o 10t3em-1
14k 283 2.75
- 523 299 22.0
690 308 30.0
803 323 35.0
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"TABLE II
RETEERMALIZATION CROSS SECTIONS NOT EQUAL

Temperatures Macroscopic
— Cross Sections
Neutron v :
Gg;up Grgﬁhite RNT S |
14k ' 283 16.5
283 1hk 2.13
523 299 20.7
299 525 | 26.0
690 308 33.0
308 690 : 22.8
803 323 33.3
323 803 46.5

Multimaxwellian Group Analysis

The camputer code FIT-1 was operated without programmer assistance during much

of May. In this period, it received heavy use in analyzing data from the rether-
melization experiments. In the process, several minor bugs in the program were
detected. These are being traced and the program is being "cleaned ur" generally,
in anticipation of tke publication of & descriptive document.

Neutron Energy Spectrum Studies

Slowing Down Spectrum Program

Several test ~ases have been run successfully on the scattering kernel and spec-
trum codes fram General Atamice which were described last montk. The twe codes
are being cambined for greater convenlence and t¢ facilitate the addifion c¢f a
slowing down caelculation, to be added soon.

2X Control Ball Reactivity Measurements

A study of different control ball materials has been started. The reactivity

of several materials is being measured in the PCTR to establish the relative con-
trol strength of the materials in a 7-1/2" iattice. Some of these will Dde
irradiated and then retestedto determine how long it *takes to burn out the poiscn.
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Instrumentation and Systems Studies

A program to study transients due to loss of lithium has been prepared and will be
placed on the EASE camputer in early June.

An anslog computer problem related to the present reactors was completed for IFD

Reactor Physics Operation. It consisted of determining the amount of excese
reactivity addition necessary to hold the reactor power level at some predetermined

low level, differing fram the normal operating level by factors of l/l, 000 and
1/10,000, following & scram.

A basic layout was made for a thousand-channel slow neutron time-of-flight analyzer,
This is to be used in the neutron cross section program. It is expected that a
magnetic drum for storage and plug-in transistor logic will be used.

The microvolt meter to be used as a mull detector on the periocd measurement equip-
ment for the critical mass lab arrived and was tested for noise and drift., It is
much better than specifications. Actual construction has started; although a ten-
turn exponential pot for interpolation has not yet arrived. Tkis development is
also being evaluated for reactor application.

STUDIES RELATED TO FUTURE PRODUCTION REACTORS

Exponential Pile Measurements of Large Diameter Fuel Elements

Firal buckling values have been determined for a 6 Afoct by 8 foot exponential pile
with a wet 2.5 x 2.0 and 1.66 x 1.1 inch fuel a.ssembly at a lattice spacing of
8 3/8 inches. The results are shown in Table I.

TABLE I
Buc%ling A*(gide-side) AM¢(front-rear) Source
(inches) (inches) Positiorn
=72 1.1 1.0 Splis

-68 1.6 ' 1.9 Ciustered
¥ 1s the extrapclation lengtk. |

The uncertainty in the bucklings due to the uncertainty in the “least squa.:'es" 1t
is 4 microbucks for both measurements. The sources are placed at (* a/4, O) and
(0, £ b/k) for the split source case, and * 1 1/16 inches for the clustered source
cases. The aluminum, water, and carbon to uranium volume ratios are, respectively:
0.493, 1.102 and 21.12. These bucklings agree reasonsbly well with tze value

-64 x 10~Ocm~2 determined in the 4' pile.

Preliminary buckling values are available for the same tube-in-tube assembly wit:
H,0 coolant using an 8 foot by 8 foot exponential pile at a lattice spacing cf
8%3/8 inches. An assumed extrapolation length of 1.0 inches both side-tc-gide and
i’ro;m-to-rear was used in the buckling calculations shown in Table II. 3Because of
' uhe lim:['bed. number -of tube-in-tube fuel elements a buffer region of 2.5 x 1.6 I and

llq b
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E fuel elements was used to £il11 out the graphite lattice. The exponentlal rile
was 10 lattice units high. The first one a.nd the last two lattice units were

buffer regions.

Yertical traverse data were taken first with the buffer fuel elements dry and tien
wet in order to achieve a better matckt to the neutron flux spectrum of the tube-
in-tube fuel element and check the effect of a slight mismatch. Witk buffers wet,
the buffers match the values of cadmium ratio, buckling and ¢/U rasic.in-tke lat-

tice.
TABLE II
Buffer Bud%ing Me of End
Region (10-0cm=2) Correstion
Dry - =90 = 2 2 regicon
Wet _ -0t 3 2 region
Dry -89 2 1 region

Table IIT shows the constants characterizing the buffer and measurement regions.

TABLE IIT

Mel Cadmium Bt:.clgling
Element C/U_Ratio Ratio (10cm-2)
2.5 x 1.6 ary 21.47 17 =65
buffer
2.5 x 1.6 wet 21.47 30 -70
wlfer

2 2 2i.12 29 -£8%

(3
et

1
 obe

105 X 5.0 WE
tz 1.66 x

%
(3

#Clustered source case & f£t. by 8 ft. pile.

As shown in Table II it appears to mske no difference in tze buckling measured
waether the buffer region is wet or dry, or whether one or two region end correc-
tions are used in the analysis of the dete. :

Torizonsal +raverses have teen taken at several cell Dositions ir the 8 x 8 foot
pile. The results are given in Table IV.

All treverses were taken with the neutron sources split as defined above.

No reason has been fcund for the discrepancy of about 20 x 1572 in bucklings
messursd in the 6 x 8 foot pile comparsd tc *he 8 x 8 foct pile listed in Table

T  DECLASSIRED
Ny

1249541

;1 f:'-\;i.: o
R



B-6 HW-65459

TABLE IV
A
Inckes Cell Position
0.82 £ .14 Cell edge, £ill layer, with fine structure
: " correction,
0.84 = .31 Cell edge, fill layer, under process tubes.
0.81 £.18 Cell corner, fill layer.
0.64 £ .07 Cell edge, tube row.
0.79 £ .10 Radius of equivalent cylindrical cell
. (approximate)
1.16 & .12 ' Front-to-rear.

PCTR Measurements of lattice Parameters of Large Diameter Fuel Elements

The flux perturbations in cell components due to copper poison inserted for a kg
measurement has been calculated for the 2.5-inch diameter solid fuel element .
in a 10 1/2 inch lattice. The thermal flux distributions with and without absor-
ber wrapped around the process tube were obtained from the Pz part of the Idiot
Code, for both the air and water-cooled cases. The perturbation Las been studied
to evaluate the effect of copper near the fuel, where the flux in the fuel and
process tube might be depressed, since usually the copper is at the cell edge,
depressing only the flux in the graphite. The following table lists the perturba=-
tion of the average flux in various components of the cell. The fluxes in all
cases are rormalized such that the average flux in the fuel is 1.0. The amount
of coprer in the cell corresponds to the estimated kg of the lattice. The net
effect of these perturbations on the inferred value of kg is also given.

Air Coclant Water Ccolant
kex _ ' +0.049 +0.025
(892) . ccess tube -0.036 -0.006
(99)ccorant, - -0.003
(202 )graphit . +0.066 . +0.0L4
Effect in k,, -0.0035 ~0.0006

Despite the magnitude of the flux perturbations, it is concluded that because of
their small effect on k,, the most accurale procedure is 1o letermine the charges
with the P3 program. However, the perturbation of the flux in the moderstor wiil
be checked by irradiating foils in the case with no coolant.

The program which was written to process lutetium foil data has been altered and
presently uses saturated activities in determining the spectral index. A value

1249548
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for *he normalization factor which is dependent upon the cmmting system used .
has been determined; based con data ccollected fram bare lutetium foils irradiated

ir the thermal column of the TTR.

The copper flux traverses taken in the 2.5" tube-and-tube elements are being
analyzed using the Pz code., The effeﬂtive neutron temperature is being varied

to determine cross seéctlons To use in the code, attempting to fit the flux
traverse. First, tke spectral hardening in the fuel is calculated from blackness
weighting the fuel cross section. Then the moderator neutron temperature requixed
to £it the flux traverse 1s determined by iteration. For the three cases tested,
the vequired neutron temperature ranges fram 50 to 100°C above “he physical tempera-
ture,

A first attempt to determine the neutron temperature distributior in the cell wes
made using the Fz code witk two thermal groupe, ore at 900°C and one af room tem-
perature. TransTer between groups wes defined by the rethermslizatiorn 2ross sec-
tior for gaseous graphite. Although a reasonable weighted ave rags temperature dis-
tribution was obtained, the diffusion treatment should not be expected to reproduce
the flux depression in the fuel.

Rod Replacemen® Anelysis

A versior of the digital camputer code for small source theory analysis has been
completed for a specialized case., Work on the two group theory code for mors
general gecmetry has begun. (Contact has heen made witk C. N. Klahr, 52 Technical
Resgearckh Group, Inc., who is alsc investigating the use of small sourcze Theory.
H;s grcup has prepared a digital camputer code for a one-group version of small
scurce theory in finite lattices. He reports *he code is working w3 s minimum

of =ix months will be needed before it wiil be in a form suitablie for distribution. )

A FProgram for Analyzing PCTK Data

The Twe elusive program errors in APDAC-I have beer found and scorresched. Since ,
there are no known remairing errors in the program, it has been giver w1l produce
£ ot
-

tion status., A lettar describing the production sebt up in ail iz baing pre-
aret.,

u

[}

COMPUTATIONAL PROGRAMS AND SERVICES

AIM-5, s maltigroup, one dimensional daiffusion 'heory code from Atomics Inter-
national, has bheen convarsed to the HAPO monitor system. AiM-5 allows 33 Lo 12
groups, 2C regions, and 239 space points, with Sownscattering fror any goour

to any lower energy group. It calculstes fluxes, adjoint fluxes, and mul%iplica-
wion factors. Criticalit 25 2hes ray te performel or army ne of the foilowing
tarameters:  Criticel 1~a6d.u.s » hamogenecus peoiscn, transverse Duskling, location of
2 polson boundery, or location of a fuel boundary. The sode hes been run success-

fully or 4wo sample cases.

Na ~°o-u-|1'

TR Meesur=ment for N-Resactor

Grapbite for the mockup core has beer shipped. Grapbilie for the condensed lsat
core will be fabricated here. Delivery of the cladd i3 expected morertar i.l,»r.

Fuel delivery is not expected until July 1. mg% 3&9
DEC I
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Instrumentation and Systems Studies

The basic fabrication of the mechanical portion of the NFR prototype fast-slow

scan Fuel Element Rupture Detection System is completed and installed on the 329
Building experimental platform. The gear motors have been installed and the slip-
ring brush assembly is completed and ready for installation. Test radioactive
sources have been ordered and will be inserted after arrival. Development work
continues on the necessary circultry for the system, and the circuits will be
assembled in prototype demonstration form when all tests are campleted. The pack-
aged three crystal detector probe for the fast-scan system was assembled and:
satisfactorily tested. .

Completion of the tests on the prototype NFR Logaritbmic (5 mr/hr to 5 r/hr) Scin-
tillation Remote Area Monitor will be accomplished as soon as the necessary Corone
regulator tubes are received. All other components are instelled and the system

was satisfactorily tested using a different power supply. The Corona regulator tubes
will be used with a new less-expensive power supply modification.

The NPR prototype Linear Scintillation Remote Area Monitor ‘is essentia.lly campleted
including circuitry temperature tests which were satisfactory from 0°F to 130°F.
The low-range (the system includes two separate ranges including separate probes
and meters) cyclic alarming circuit was modified to incorporate a tra.nsistorized
alarm-pulsing circuit. The low-level alarm, when activated, will energize a 1.0
ke oscillator with timing of one-second-on, one-second-off continually until the
radiation field strength drops below the alarm set point. The low-level system
automatically resets .and no mamal operation is required. The high-level alarm
system requires manual reset for proper safety purposes.

All transistorized circuitry for the NPR prototype Scintillation Beta-Gamma Air
Monitor was completed in design and satisfactorily bench-tested including tempera-
ture tests to +140°F. The circuits will now be fabricated in final fcrm and the
instrument assembled. The lead-shielded scintillation nead is completed and is being
sealed and assembled for use. The beta~-gamma air monito g is completely transis-
torized with a logaritimic indication froam 100 ¢/m to 10° ¢/m with a recorded out-

put.

At the request of IFD Reactor Physics Operation, a study was made on the presently
proposed systems for NPR coclant fiow monitoring.

Studies were continued on the solutions of the reactor kinetic equations with
sinuscidal excitation functions. The solutions obtained with the analog.computer

%0 date are not in good agreement with theory. It is expected that the discrepan-
cies are partially due to computer parameter drifts in critical sircuits but this
reeds %o be investigated further. An attemp: will be made to reduce the drift prob=-
lem by improved scaling techniques. In addition, 2 similar set of equations whose
exact solutions are known will be programmed on the ccmputer as a check cn the
method of solution.

In preparing for 709 solutions, it has been found that very short time intervals
are required for the step-by-step integration. It is thought that the presence of
bigh order harmonics of appreciable amplitude might account for this.

1249550 | |
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Mechanism of Gra.;_)hite Damage

The installation of the beam sweep equipment and the necessary alterations to
the electron Van de Graaff were completed. The control circuitry was ingtalled.
The high voltage supply for the apparatus is still missing, but delivery is ‘
pranised for early in June.

The new energy loss calorimeter was wired and vacuum tested. It is being in-
stalled in the water bath.

STUDIES RELATED TO SEPARATIONS PLANTS

Plutonium Critical Mass Facility

Campletion of the work of the fixed price contractor cn the Plutonium Critical
Mass Facility has been scheduled for June 1. It appears that in general this
schedule will be nearly met. All construction is camplete and equipment installed.
Witk two exceptions, all acceptance tests have been met. All service equipment has
been tested and is operable. All fixtures are installed and operating.

Trouble has been encountered in placing the instrumentation and control system
into service. To same extent this has been the result of minor fabrication errors
as might be expected in a system of this size. There has, however, been an
unusual number of errors made by the vendor in construction (wires anitted or
crossed, etc.). This is particularly true of the electrical interlock system.
The instrumentation has not been checked out as yet, but should be less proane to
such difficulties.

The acceptance test for pressure contaimment of the reactor roar has not been made.
No known delays are anticipated in performing this test; however, if lesks exist
there may be considerable difficulty and time involved in locating them.

Installation of the ir-hood equirment for the startup experiments will be delayed
until the latter part of June because of late delivery of the critical assembly
roaponents. .

The control building prorer may ve accepted in the first week of Jure and operat-
ing personnel will be able ¢ move in soon thereafter. Work will be limited rri-
marily to familiarization with the equipment; little can be done directly relating
tCc the initial experiments until the in-kood reactor equirment is instslled.

Two of tae four reactor vessels whkich were ordered have been received. The twc
vessels received were the 11 and 13- inch diameter cylinders which are to be used
in the initial series of critical experiments witk unreflected cylinders.

Measurement of k.Lin the PCTR for Aqgeous Pu Solution

For aqueous soluticns or cther hamogeneous hydrogenecus mixtures; a guantity cf
special interest is the limiting concenmtration for which kg becames unity. Provid-
ing the H/X ratio can be maintained at values for which Koy, = unity no other restric-
~“ions will be required to insure nuclear safety. Experiments were conducted in tke
PCIR for determining the concentration at whick k, = unity for a plutonium nitrate
solution.
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Calculations had indicated the limiting Pu concentration to be between 8.5 and

9.5 gms Pu/liter. Initially the buffer tanks were filled with a solution contain-
ing 6.5 gns Pu/liter and the core tanks were filled with solutions comtaining ‘
6.5, 7.5 and 8.5 gns Pu/liter. These mixtures were prepared, and the tanks filled
and emptied, by Finished Product Operation, CPD. Previous experiments with 3%
enriched UO; systems indicated that an accurate extrapolation of the limiting con-
centration tould be obtained with the buffer tank this far from actual limiting
concentration. The extrapolated value of the limiting concentration from the
initial data was 10.8 gms Pu/li‘ber. Since reather large quantities of stainless
steel and polyethylene were used for conmtaimment of the solutions, and very little
wes known about the effect these materials might have on the measurements s more
emphasis was placed on the theoretical calculations than on the experimental re-
sults and the concentration in the buffer tanks was raised only to 8.5 gus Pu/liter.
The core tanks were then filled with solutions having 7.5, 8.5, 9.0 and 12.0 gns
Pu/ liter. The extrapolated value of the limiting concentration obtained from these
solutions was 10.6 gms Pu/liter. A thorough investigation of the effects of the
stainless steel and the polyethylene was then undertaken. The preliminary results
of this investigation indicated there was essentially no effect on the measurements
from the stainless steel and that there was only a slight effect fram the polyethy-
lene. The effect fram the polyethylene is probably caused by a slight change in
the neutron energy spectrum incident on the solution which results in & correction
to the measured value of the limiting concentration of approximately 0.2 gm Pu/
liter. ‘

At this point a contamination incident occurred and it became necessary to halt
.the experiment.

The preliminary value of the limiting Pu concentration for which ky = 1 for these
plutonium nitrate solutions was therefore 10.4 gms Pu/liter. A preliminary chemi-
cal analysis indicated the solutions to be approximately 0.5 molar nitric acid
solutions; the plutonium contained approximately 5% Pu-240.

The contamination incident, which potentially could have resulted in a very serious
contaminetion problem, was minimized by careful monitoring procedures.

Exponential Pile Measurements with Natural Uranium Fuel Rods in Light Water

The series of exponential pile measurements witk nstural uranium fuel rods in
light water was completed with the measurement cf the 1.40-inch lattice spacing.
The fuel rods, which were 0.925 inch in diameter and 44 inches in length, were
encased in thin walled (1/32") Lucite *tubes for insertion in the lattice assembly
which contained 85 tubes in a hexagonal pattern. A buckling of zerc was measursd
(k, = unity) for the 1.40-inch lattice, which has an HpO/U volume ratio of 1.37.
Frow the plot of B ys the Hp0/U volume ratio, the maximum buckling was estimsted
o be sbout 30 x 10~°em~2 for an H,0/U ratic of 1.6.

These measurements were undertaken in order to better evaluate the safe mass limits
for natural uranium in light water, and also tc cbtain buckling values in sonnesticn
with planned experiments involving a three percent enriched lattice reflected witk

& natural uranivm tamper.
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Criticality Studies in Suppert of Processing Power Reactor Fuels

Critical mass studies were contimed in suppert of processing power reactcr fuels
with experimental work proceeding on both heterogeneous and homogeneous systems.
The first critical approach experiments were mede with the (.925 inch diameter
rods of 2 percent enrickment; measurements were made in wster modersatei lattices
&t five different Hy0/U volume ratios. The Pirst measurements were made in +he
PCTR for determining kg of 3 percent enriched uranyl altrate mixturses; the H/U
ratic of the initial mixture was, 2 €. Irradiations were made for determining the
fast effect (€), and the resonance escape probability (p) of this mixture.

&, Eacperimeﬁté with Hetercgenecus Systems

The critical approach and exponential experiments which are planned with the
2 rercent enriched uranium invclve fuel rods of two different dismeters, 0.925
and 0.600 inch, and of two different lengths, 1€ and 32 inches.

The eritical approach measurements were completed for tiae 0.925 inck dismeter
rods of 16 inch length and measurements were begun with the 32-inch fuel rod
length. The fuel rods were encased in tkin walled (1/32") Lucite tukesz for
insertion in the lattice assemblies which were fully water reflectzd; a hexag-
onal pattern was used for the lattices. The results of these srisizcal approact
measurements are given in the following table.

CRITICAL MASS AND BUCKLING FCR 2.CO PERCENT U-232
’ C.925=-INCR DIAMETER RODS

Critical,

Caleoulated or
Critical Material
Lattice EpO/U Criticsl No. of Mass Biokiing
Spacing (volume 16-inch Rods Critical Mass (spherical '“6‘ -
{Inches; ratio} (cyl. geometry) (cyl. Geometry) _geametry) (107°mm™=)
1.52 1.89 117.6 865 1bs. U 818 1bs. U 10,906
1.50 2.29 103.7 763 1bs. U 72C 1bs, U 1,857
1.70 2.72 $9.9 T34 1bs. T 692 lbe. U 10,511
1.80 3.17 1w02.2 752 1bs. U 703 1bs. T G,87€
1.95 2.89 119.0 875 1bvs. U 795 1bs. © 8,53=

Tke criiical mumber of roés wes determined by a least square £it £o the neutron

meitiplication data between 55 and 96 percent of the estimated critizel numver of

rods. The gbove buckling values were calculated by assuming the extrapolation

lengshs (\) 4o have the same values as those used for I parcent enriched uranium
. of the ssme fuel rod diameter and HpO/J ratio.

The minimm critical mass for the 0.925 inch fuel rods of 2 percext enrichment is

~ €90 1bs. of U which occurs at an Hp0/U volume ratio of ~2.8. This may be com-
pared with the 2.00 percent enriched uvanimm rods of the same iiamster whick hal a
minimm mass of ~ 387 1bs. of U st an H;0/U volume ratic of ~ 3.2.

#2. P 1209553
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Experiments with Homogeneous Systems

Fram the PCTR measurements, & preliminary value of kg for a 3% enriched
uranyl nitrate mixture with a nominal hydrogen-to-uranium atamic ratio of

6 is, 1.12. The effect of the nitrogen in these systems is clearly seen by
the fact that for the same H/U stamic ratio, the value of k. for a 3% en-

riched U0z mixture wes, 1.34.

Critical Hazards JSpecifications

Nuclear Safety in HLO

&.

The nuclear safety specifications for Hanford Laboratories, which are being
prepared in accordance with HLO Nuclear Safety Bulletin No. 1, are about 72%
complete.

The nuclear safety of the PRTR operation was reviewed and comments submitted

to the Reactor and Fuels Research and Development Operation. This review was
based on a study campleted this month, in which more accurate nuclear safety
parsmeters were established for the Al - 1.8 w/o Pu 19-rod cluster fuel elements
in H>0 and D,0. The previous study, made in March, 1959, was based primarily
on calculations in which the fuel element clusters were treated as a homogeneous
system of plutonium, aluminum and weter; this epproach was conservative and
simplified calculations. The current study is not only supported by the criti-
cal mass experimental data cbtained on Al-5 w/o Pu alloy rods in H,O0, but the
calculetions were made treesting the 19-rod cluster as a multiregion system by
use of the IBM~-709 IDIOT camputer code. The PRTR nuclear safety review includec.
the storage and transfer basins, the primary coolant system, and the fuel
transfer casks.

Data Correlation - Development of Nuclear Codes for Criticallty Calculations

a.

Calculation of Lattice Parameters for Uranium Rods in Water

An investigation of slightly enriched (1% to 3%) uranium, water moderated

latiices 1s presently being carried out. The purpose of this study is to

develop analytical techniques for predicting the critical size of similar

lattices. Especially attracting attention is the inability tc reproduce

the critical size for 3% enriched uranium, water lattices. Errors on the

order of 5000 uB exist in the calculations of the bucklings for the 3%

metal by the usual simplified age-3diffusion approximations. The major diffi-

culty appears tc be the nonescape probability for wabter méderated lattices,

especially systems in which ~40% of the fast neutrcns are lost due %o leak=
e. The ususl age theory for evaluating the fast nonescape prchavility,

=2
e® T, while being quite good for over moderated graphite lattices, is especial-
1y inadequate in hydrogen moderated systems where the slowing down cannot be
adequately accounted for by a continuous slowing down model.

A very coamplete experimental investigation of slightly enriched, water moderated
lattices has been carried cut at BNL by E. Kouts. The mair emphasis in our
study to date has been to reproduce the k, values, as determined by Kouts in

his analysis of the 0.60C inch rod experiments. When we are capable of reproduc-

Tlzwessy DECLAZS!F




‘ B-13 - ' Hy{_éshsg : 5‘.‘.';:».-:%

ing the values of kg4, then the major effort will be directed toward calculating
the fast neutron leakage.

The 0.600 inch diemeter rod, water moderated lattices have been run on the
IDIOT Code. Fram these calculations, the experimental and calculated thermal
utilizations are in good agreement, along with fair agreement for the fast
effects. The inferred values of resonance escape probebilities are in rather
poor agreement with the calculated values. This poor agreement is logicel in
+that the IDIOT Code does not account for any mutual shielding of the resonance
flux by neighboring rods in a tightly packed lattice. The major emphasis is
now on developing a technique which accounts for this mutual shielding by the

rods of the resonance flux.

Monte Carlo Code

Work on the one hundred group cross sections is continuing. The Pu-239 cross
sections have been completed along with the cross sections for Hp. The cross

' sections for Pu-240, oxygen and nitrogen are partiaslly campleted.

A random number generator has been received fram Atomics International that is
approximately six times faster than any number generstor presently available

at Hanford. The arrival of this number generator, along with the campletion

of the Pu-239 and Hy cross sections, will permit debugging to start immediately.

9-Zoom Code

The first application of the 9-Zoom Code, a one-dimensional multigroup dif-
fusion theory reactor code for the IBM-T709, was made to cylindrical (reflected)
rlutonium critical assemblies of the Hanford P-11 experiments. The comparison
between theory and experiment appears to be good for the range of H/P.z between
300-600. The calculations were made using 18 group cross sections developed
by persomnel of Critical Mass Physics.

A series of calculations were also made for fully reflected spheres of the
P-11 experiments with H/Pu ratios in the range of 300-300. For these cases
the effective value of k was calculated too high. A few more test cases will
be run to try and determine why the cylinder calculations are sa‘tisfa.cto*y
whils the sphere calculations are notv.

Comparison of Theory and Experiment for Al-5 w/ o Pu Alloy Kods in Water

Buckling and critical mass calculations were made for Al-5 w/o Pu alloy rods
of 0.506" diameter (0.03" Zr-2 clad) in a water lattice; the calculated values

- were compered with the critical mass data obtained from experiments. The

results of this comparison are given in the following table:

 DEASSIERa
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COMPARISON OF EXPERIMENTAL AND CALCULATED VALUES
FCR Pu-Al ALLOY RCDS IN WATER :

B/ V Water Extrapolation Bucl%ingo Critical Mass for
- , (10"Cem==) Spherical Geametry (Kg Pu)

Pux V Alloy Length (cm) From Exp. Caic. From EXp. cals.
218 1.17 8.1 9605 11100 231 2.60
355 1.86 7.9 10838 11500 2.07 1.70
427 2.24 7.9 11261 11500 1.70 1.64
583 3.06 7.7 10853 10900 1.53 1.50
755 3.96 7.3 10107 9900 1.53 1.57
ol L o5 7.0 8840 8600 1.73 1.88
11ko 6.03 6.0 7681 7200 2.12 2.4

#Pu-240 isotope .. 5.3 percent.

The calculations were hased on standard critical equations; the reactivity
parameters were obtained usirg the IEM-709 IDIOT computer code. Values for
the reflector savings were obtained fram the experimental data, which appears
reasonably accurate up to an H/Pu ratio of about 1000; beyond 10C0, the values
of A are less certain.

The calculated critical mass values are conservetive except for high H/ Pu
ratios where the calculated values are larger than those measured; however,
there is good agreement between the calcuisted minimum critical mass and that
predicted fram measurements.

€. Kinetics with Time Dependent Reactivity

Program HAIREK, the Han®ord modificaticn of the Atoamics Interratiopal reactor
kinetics code ATREK, has been tested satisfactorily on several cases of in-
terest. The code may now be considered operational for the following time
variations of reactivity: 1) step function, 2) ramp function, 3) that accom-
renying 2 changing geometrical buckling preduced by & linesr time varistion
of one spetial dimensisn, and 4) tebulated reactivity vs. time. Ovther func-
tional forms, e.8., 3imusoidal variation caxn be readily included.

Instrumentaticn for Determinstion of Reactor Kinetics Parameters

A pile poise analyzer was campleted and is currently being tested. This device
#1112 be used for measuring the zero pcwer itransfer function of a reactor, for
determining neutrcn lifetimes. It is planned +o use thkis instrument in cornec-
tion with tke plutonium critical asssmblies in the new plutonium criticel mass
facility.

In order to ccorrect the spectra obtained fraom the Pile Noise Analyzer, reasure-
ments were made of the frequency response of the instrment.

 The measurements were made using a large ("slug” type) BF3 tube fililed with
enriched BF: to nearly atmospheric pressure. The chamber”was exposed %C te
noise in thé form of a 1.3 curis CcP0 source. :

1 lZH‘lSSb
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The system has a response range of 2.30 to 560 cycles per second and with this
tube appears to be most sensitive at lower frequencies, peaking at 3.98 cycles/

second.

Mass Spectrametry

The high voltage breakdowns in this mass spectrometer continued to be a problem.
Voltage breakdowns were isolated in three separate camponents. The electron multi-
plier power supply was found to be defective and was replaced. Temporary measures
were taken to increase the insulation of the cabling to the spectrometer source
and cable with higher breakdown rating was ordered. Voltage breakdowns continued
€0 occur in the source region and a new insulating seal was designed and ordered
to attempt to remedy this problem. As a temporary expedient the mass spectrometer
has been operated at a reduced ion accelerating voltage of 7,000 volts. At this
voltage no breekdown occurred.

Iwo uranium semples were analyzed for Critical Mass Physics.

NEUTRON CROSS SECTION PROGRAM

Slow Neutron Scattering Cross Secticns

One of the aluminum large single crystals was sawn to give three half inch thick
disk crystals. Each of these crystals showed similar propgrties under neutron
diffraction giving reflectivities of 20 to 35 percent and rocking curves of the
order of 3 minutes of arc. Since the large ingot exhibited similar properties it
is believed that extinction effects are of importance in this type of crystal.
Further, this shows considerable promise for obtaining desired reflectivities by
stacking thin crystals or changing properties of large crystals by deformation.

Subthreshold Fission

Measurements were made on the fission in the 6.7 ev and 10.2 ev resonances in U238.
No fission was detected in either resonance. The results have not been analyzed
as yet to obtain meaningful upper limits to the fission widths of these resonances.
The 10.2 ev resonance is a small one which has been attributed to p wave neutrons
fram total cross section measurements. A positive fission width for this resonance
could have been interpreted as evidence that the observed fast neutron fission
threshold is also for p wave neutrons. The observed negative result probably casts
little light on tkis possibility.

The spectrameter resolution was worsened to obtain a higher neutron intensity for
me ements of the fission in resonances of Pa3l, The first two resonances in
P22l at about 0.L4 ev and 0.% ev were found in fission. The measuresd fission widths
are about two orders of magnitude less than expected from the simple exponential
barrier. Preliminary data taken at the resonances at about 0.75 ev and 1.24 ev
irdicate that the fission widths of these resonances are not appreciably greater
then the widths of the first two although no fission was seen in these measurements.

A nielmina.rg analysis indicates that the observed fission widths of Np257, Pu‘?'l“",
>3 ; and Pacdl are all consistent with an exponential barrier with a characteris-
tic energy of 0.5 to 0.35 Mev. It is probable that when good upper limits are estab-
lished for U256 and U233 that these muclei will also be consistent with this value.
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The barrier model for Amzl‘l, however, is consistent with the characteristic energy
of 0.8% Mev obtained from the shape of the fast neutron fission cross section curve.

Fast Neutron Cross Sections

Construction of the canponents of the Van de Graaff beam tube has proceeded with
some items campleted.

A conceptual design of an experiment to measure total cross sections using a pulsed
white spect neutron source and time-of-flight has been campleted. A thick tar-
get Li(d,n)Be® source and a flight path of six meters will be used. The measure-
ments are expected to cover the energy region of about 3 to 15 Mev with an energy
resolution of the order of three percent. Design and fabrication have been started
of the apparatus required for these measurements.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Low chosure Plutonium Lattices

Analysis of the 10 1/2 and 8 3/8 inch graphite lattice experiments using 0.5 inch
dia. rods of 1.8 w/o Pu~-Al in 19 rod clusters is essentially camplete. Some modi-
fications to the stand k, calculation were necessary, arising from the change in
effective neutron tempera.tu.re upon removael of the absorber fram the lattice.

- (5

The chenge in 7 has been estima.ted fram Westcott's tabulations using the measured
value of L0239/ 0295] to infer a neutron temperature. The change does not exceed
2% in either case.

The absorption rates for camputing f and f' were obtained from the ratio of total
reaction rates per atam of a plutonium foil and a copper foil at the center of the
fuel cluster. The results are as follows:

8 3/8 inch lattice --- kg = 1.568, £ = 0.868

10 1/2 inch lattice --- kg = 1.512, £ = 0.8%

Higg Exposure Plutonium lLattices

The first two MIR Pu-Al elements will reach goal exposure and be discharged from
the ETR sametime during June. The remainder will continue to be irradiated toward

the 404 Pu-240 goal.

Instrumentation and Systems Studies

The analysis of the experimental gas loop and control system is continuing with
the study on the EASE analog camputer.

1249558
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leboratory tests have been started to determine the dynamic range requirements

for instrumentation to be used for PRTR mean neutror lifetime messurements. Com-
putation of power density spectra and correlation functions requires the use of
multiplying and squaring devices and associated scale factor equipment. The
effects of the inherent inaccuracy of this type of equipment, for near-zero irputs,
on the overall problem accuracy will be determined.

The transducers were received for an experimental process tube inside diameter
measurement instrument. _

Preparations are being made to evaluate the period controller and to analyze the
critical facility.

T™wo ccmpensating lenses (half lenses) for the Fuel Examination Facility Profilo-
meter have been reground and polished to correct their focal length to that re-
quired for bringing the main and comparison images into simultaneous focus. Mirrors
flat to within 20 micro inches have been installed throughout the Wide Angle

Viewer with resultant improvement ¢f image quality.

Assistance has been given in designing a camera for detecting and recording dis-
placements of the PRTR calandria and in specifying equipment needed for indepen-
dent, absolute calandria shift measurements.,

Circuitry modifications for the fuel rupture monitor at the MTR-GEH-U4 fuel testing
loop have proved satisfactory in use.

NONDESTRUCTIVE TESTING RESEARCE

The bebavior of the output signals of the broadband electromagnetic testing system
being developed for measuring jacket thickness and jacket-to-core gap varistions

ir ar unbonded fuel element was observed in detail. New sample cores for the mock-
up fuel elements bheing used were fabricated in the skop for use in determining

4te instrument behavior in tke jacket thickness region of 15 to 28 mils.

w2 phantsstron type adjustakle time delsy circults were bullt to rerlace two
3Jenersl Rsdio pulse generstors used as the source of Limed zsmpling pulses used
in the time domain sampling section cof the system. The vacuum tube gZate clrcuits
2% +he sampler were replaced with two semlconductor gate or sampiing cirzuits.
Tzese changes have served to simplify *he circuitry. Ncise and drift are the
lowest yet askieved witk this test.

Preliminary tests of a prototype infrared radiometer for meking fuel surface tem-
perature measurements during develorment of heating and scanning methods keve beern
made. These teste stowed that noise presently ceuses variations cf about 397

in the temperature indicated by *the instrument when looking at = 6CSC autoclaved
X-8001 surface durirg an interval of 0.003 sezond. This would be tae Juration of
signal fram a 1/4-inck diemeter hot spot on the surface of a 1-1/2-inck diameter
zylinder rotating at 1000 RPM.

A Radlation Electronins Corporstion model TA-2 ultre low noise pre-amplifier has
heea crdered. According to the manufacturer's literature, this unit should have
a slightly lower noise figure than the cascode vacuum tube ampiifier now being
used in tke radicmeter. A more adequate mechanical scanning system 1s also being

designed.
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GAS COOLED REACTOR PROGRAM

Joe .

Lattice Parameter Measureménts

The. analysis of the date teken during the mCR stainless steel loop experiment has

been campleted except for an error analysis. Preliminary results for a 3 x 3
supercell consisting of e central stainless steel tube surrounded by eight fuel

elements of 1.8 w/o U0y are as follows:

1) stainless steel tube empty k, = 1.036
2) 2.6 w/o fuel element SS tube k. = 1.073

" The principal source of error is in the estimated flux and adjoint mismatches.

Anelysis of the data obtained in the measurement of k., and f for the 2.6 w/o U0,
"~ fuel is continuing.

A report on the (r, 6) power distribution and the flux effects of stainless steel
spacers in U0, fuel of 2.6 w/o enrickment has been prepared (EW-650T4) and distri-
buted to the custamer. The results were generally similar to those obtained fram
the experiment on tke 1.8 w/o fuel. : '

Variatior of Doppler Coefficient with S/M Ratio

Preliminary values for the resonance escape probability, p, and the fast fission
factor, €, are listed for solid, 1.923 inch dismeter, natural uranium fuel elements
in an 8 3/8 inch graphite lattice with air and water coolant. Tke revised values
o kg and £ and the iaferred values of 1 are also included.

Parameter 320 Air
k 1.0189 £ 0.001 1.0116 = 0.001
f 0.910 = 0.004 C.945 £ 0.004
p) c.826 0.792
€ 1.035 1.038
1 1.310 1.3502

The p and € analysis follows the metkhod outlined in IW-63768 by P. F. Nichols,

Tue dry values 92 ¢ and € are not in agreement withk tke camparable vaices cf 0.762
ard 1.058 given by W. E. Niemath and K. Nilson. This discrepancy has not heen
explained.

resulted in values of (1/RI)dRI/dt ranging fram + 1.24k x 10-%/C at 175°C to

+1.11 x 10°7/C at ~450°C. These results tend to confirm the change in (1/RI)4RI/4=
with increasing temperature. Much additional analysis is necessary tefore any final
resuits can be presented, because of the rather large moderator heating corrections
which need careful examination. It may become necessary to revise the experimental

WHED
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Preliminary analysis of the 1.92" dia. slug fuel temperature coeffiziernt data has
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method t0 reduce the size of these corrections.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Fhysics

Development work prcgressed on the phosphorescence technigue for assaying the

. emount of zinc suifide on membrane filters. Although statisticsal evaluation of
the calibration data is not yet complete, certain limitstions of the system have
been established. The detection limit for positive samples was found tc be approaxi-
mately 3 x 10-° grams with a standard counting error of 15 percemt. The standard
error decreases as the mgss loading increases so that, in the range fram the de-
tection limit to 2 x 10°® grams, the best estimaste of the standard error in count-
irng is 5 percent. When tkte weighing, dilution, and counting errors are cambined,
the standard error in the absolute mass determination on a single filter was cal-
culated to be 12 percent, whereas the relative mass determination was 8 percent.
Some small reduction these percentages is expected from fitting an appropriate
mathematical function to the calibration points. At month end, calibration of the
system for mass loadings up to 10-3 grams was in progress. Beneficial use of the
system for anslysis of Green Glow samples is expected early next month.

Plans for the AEC Meteorclogy Program lLeaders Meeting at Hanford, on June 20, 21,
and 22, 1960, were formulated and coordinated with the Fallout Branch, Division
of Biology and Medicine. Preparation of material for the Hanford sessions of the

prograr was sharted.

DCSIMETRY

The first IBM run of data collected routinely at the vwhole body zcounter was comp-
leted. This operation will be on schedule with completion of the June processing
of data. A paper tape punch was received tc be operated from the multichannel
analyzer. When in operation, it will permit machine punching of the cards used
ny She TBM and thus eliminate all hand work on the counter Jata.

A series of experiments is in progress to determine kow much radicactivity accumu-
lates in the hair and thus how important it is that a shampos te “takern befcre The
whole body count. One female subject was counted both before and after shampoo-
ing on 2ight separate cccasions during the past twe months. In every 2&as2 shame
rocing caused a 100 tc 200% increase in the radicactivity in the hair. The increase
was found tc be due tc the radioactivity in the water used. Distilied water doss
not show the radioactivity that is present in the regular wa%er at the whole bedy
2ounter. When distilled water was used by the above subject for shampcos, She
radiocactivity in bher hair wes decreased bYelow that befcre the shampoo. Other ex-
perirents are being made wit:z 8 wig of natural buman hair., After three days out-
"side in rather stormy weather, the decay products of radium could easily Ye identi-
ied in ths wig. When the wig was placed at the position ¢f the kead in the stan-
dsrd whcle tbody counter, it increased the K-40 velues about 4%, the Cs-137 values
atout 8%, and would produce very significant errors in the Zn-65 values wken these
are low. An expcosure cf the wig during milder weather produced even more signifi-
cant differences “ut other exposures showed smaller effects.

e
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Two occasions arose that permitted comparisons of the background of the Hanford
whole body counter with those of other very similar counters. During a trip to

Los Alamos a tape of their background spectrum was obtained. Their counter is

two inches (50%) thicker than ours; this is the only significant difference. Their
background is slightly higher due to the larger counter and to their higher eleva-
tion with its consequent greater cosmic ray effects. There is also scme evidence
for slightly higher background from the daughbters of radium. The new counter for
the animal counting facility of the Biology Operation was also campared with the
Hanford whole body counter. This counter is slightly smaller in diameter than ours,
and it has only four photamultipliers compared with our seven. Its background is
smaller by 53% under the K-40 photopeak and 29 and 27% under the Zn-65 and Ca-137
Photopeaks. Tests by Radiological Chemistry with the Biology counter showed that
the background in our iron roam is not significantly different fram that obtained
in a good lead shield. It is of considerable interest that the new Biology counter
shows a peak shift phenomenon that is similar to ours: If a source is placed on
the photamltiplier side of the counter, its photopeak will appear a couple of
channels lower than if it is counted on the other side. Private communications have
indicated that this 1s observed in other large counters also.

An attempt wes made to detect uranium in a subject having a high and constant bio-
assay count; nothing could be detected. An attempt was made to detect Pu-239 in a
subject suspected of bhaving a high body burden; nothing was detected other than that
in the wound (before its excision) that had presumebly led to the burden.

A subject who had inhaled radioactivity while working on the rear face of a reactor
was found to contain 92 muc of Zn-65, 11 muc of Sc-46, and 230 muc of Cr-51. Twenty-
four days later ke contained 64, 5.3, and 112 muc of the same isotopes. During the
letter examination a scan of his body showed that there was a concentration of
acvivity in the upper lung area.

Na2-24 was detected in four subjects who had been working on the removsel of a rup-
tured slug. The amounts were between 1 and 4 muc. In ancther recent case a radia-
tion monitor was found to contain 2.5 muc of Na-2U4 after working on a rear faze
during a shutdown. These cases were discovered through the routine counting pro-

gran,

Zr-65 data obtained in recent months seem to show that the average body burden of
emplcyees working in a reactor area increases witk the number of reactors upstreem

from that area.

Further tests with the shadow shield counter indicate that the radiation scatiered
irom & person intc the counter can be almost campletely eliminated by surrounding
the subject and counter with sheets of lead 1/4 inch thick.

Tze ion source of the positive ion Van de Graaff wore out and had to be replaced.
Otherwise, the machine was in good working condition. During replacement of the
source, the heaters of the pailadium leaks were altered to permit better scurce
control. The warning light system was also revised slightly. A check of the alien-
rent cf the system showed it had shifted only about 0.01° during this maintenance
work; the shift in the energy calibration of t._e proton-moment detector was only
sbout 0.015%.

., 1249502 N P




I B-21 AW-654gg 408

New experimental data were obtained on & fairly large PoBe source, a small PuBe
source and an intermediate PuBe source. Any neutron energy degradation in the
latter source was below the limit of detectability. A search was made for 7.65 Mev
gamma radiation from these sources. Theory indicated that one of the possible
alpha~-neutron reactions in the sources would leed to a state from which such radia-
tion might be emitted but that it should not be found; the search showed no such
radiation. The information acquired recently concerning the energy spectra and the
energy degradation in neutron sources was incorporated in a paper to be presented
et a meeting of the American Physical Society. Replacement of the brass parts of
tke three precision long counters with aluminmum parts is proceeding.

Preliminary tests of normal and enriched LiI scintilletion crystals were carried
out to indicate their suitability for neutron spectrometry.

A technique was developed for msking tritium-titanium targets for the Ven de Graaff
on tantalum backing material. Tantalum is harder and cheaper than pla.tim.qn and does

not require inventory.
INSTRUMENTATION

One bench-model personslly-carried persopnel dose glaming monitor was simplified
and satisfactorily tested with both Ra220 and a Co®0 source. A sensitive minia-
ture relay, for the alarm circuits, was ordered after satisfactory tests were comps
leted with an equivalent relay. The Clairex CL-4O3 photocell was found to prodnce
the best signal-to-noise ratio of the many photocells and phototransistors tested.
The CL-UO3 will be used in the device. A transparent screen was assembled and
tested. This will permit a user to read the accumulated dose at any time he desires.
The present model alarming dosimeter, with selectable alarm levels fram 10 mr to

200 mr, consists of a 10 'cc ion chamber, a light and light flashing mechanism; the
miniatire sensitive relay, the alarm, and two batteries. Estimated final size will
be 10 to 15 cubiz inches with 2 welght of seven ounces.

The keyboard for mamual entry of data into the RCL multichannel analyzer for the
radiclogical body monitor was fabricated and is being wired.

Two ‘'doutle dlode-pump transistor circuits were added to the developmental +ransis-
%orized coincident-counting technique alpha air monitor. The tests, thus far,
indicate an alarm sensitivity--with no radon-thoron false alarms possible--of 10C
MPC of airborre Pu239 in three mimutes or less. Continuous-run testing is expected

to commence in June.

Experimental prototype fabrication is one-third complete on the transistorized beta-
gamma scintillation dose-rate meter. All development work is completed.

Development work was proposed and same initial investigations performed concerning
a portable, transistorized scintillation multichannel gamma energy analyzer includ-
ing scalers and count-rate meters. The completed package is to be battery operated.
A direct applicetion to the Biology Operation experimental work is foreseen for the
instrument with several other applications possible.

Investigations are being carried out, using transistors, tubes, and tunnel diodes,
concerning gamma irradistion damage to circuitry coamponents. A tunnel diode tester
was designed and fabricated for use in the tests. Thus far, total doses of 10° r
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have been applied with no apparent demage effects except a discoloration of the
glass of the vacuum tubes. All electrical qualities of all items tested to date

have been unchanged.

Experiments are contimiing concerning a logarithmic pulse emplifiex modification
of circuitry for use with multichannel analyzers. This work is to be directly ap-
plied, if successful, at the Total Body Monitor. A pseudolog display has been
obtained, to date, over a gammsa energy range of 60 Kev to 1.3 Mev. The obtained
data do not, as yet, indicate a truly logaritbhmic character. Modifications are

being undertaken to improve the response quality.

Investigations were made at 100-H concerning the gamma energy spectrum in several
locations in the 105 Building. The 200 channel analyzer was used for the tests

in the work area, storage area, water-sample roam, gas-sample roam, X-1 level, tool
decontamination room while the reactor was up. Subsequent scans were later made
in the rear face area when the reactor was down. Only parts of the data have been
reduced to date.

Work progresses satisfactorily concerning the P-N surface barrier diodes to be used
as alpha, beta, and neutron detectors for alpha energy analysis, fission fragment,

and general detection work. We are now cutting silicon wafers from a 400-olm cm
silicon ingot supplied by CPD. Finished diodes will be available in June. A transis-
torized amplifier and counter circuit was designed and applied to a three-fcourth-inch
diameter surface-barrier diode obtained fram the Savannabh River Laboratory and it
worked quite satisfactorily for Pu?39 alpha particle detection with a gecmetry exceed-
ing 20 percent with & six-volt bias applied to the diode. The diode output pulse
rise time 1s apparently in the order of one nanosecond. The diode noise level appesa.
to be equivalent to the signal from a 0.5 to 1.0 Mev alpha particle.

Flastic investigations and experiments continued during the menth. Several experi-
mental probe housings were fabricated for use with the non-gemma sensitive alpha
scintillation detector. Attempts are being made to cast the complete alpha probe
from plastic. This will meterially reduce the cost of the probe.

A prototype six-watt transistorized amplifier, both battery and 110 VAC operated,
was completed and satisfactorily tested for use with the standard "Scintran" scin-
tillation transistorized alpha monitors. The six-watt amplifier is to be used

where ambient noise levels preclude satisfactory use of the one-half weit speaker

incorporeied in the Scintrans.

All electramechanical drafting work was campleted by the Drafting Operation-.on the
ccmbined alpha-beta-gamme transistorized scintillation hand and shoe monitor, and
the unit will ncw be returned to demonstration service. Previous to removai fram
service, the instrument cperated nine continuous months with only several hours

owntime caused by a defective camponent.

Continued investigation was made into the use, theory of operation, handling tech-
niques, resdout methods, and storasge effects on the thermoluminescent dosimeters of
the type developed bty the U. S. Naval Resei.rch Laboratory. The units linearly cover
a dose range fram less than three mr to 10* r and can be easily read out tc obtain
the accumulated dose information. Loss of information from the time-aging standpoint
is slight, and it can be correctly predicted to eliminate readout errors. The energy
response of the units appears to be flat to +10% from 10 Kev to better than 1.0 Mev
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by using proper shielding technigques. The dosimeters ca.h be made quite small and
have direct application in the finger-ring and wrist badge dosimetry problems.

WASHINGTON DESIGNATED PROGRAM

Isoto_gic Analysis Research and Development

A study was started of the ion opticel properties of a possible potential barrier
energy selector that could be used to improve the abundance sensitivity of the
mass spectrometer. The ion optics are being investigated by an analog field plot

and ray tracing technique.

The mass spectrameter for this program operated routinely throughout the month
with a negligible loss of time fram any operational difficulty.

TEST REACTOR OPERATIONS

Operation of the PCTR contimued routinely during the month. There were two un-
scheduled shutdowns. One was caused by electronic failure and the second by faulty

by-passing technique.

The 3% U02(N03) -Max. ko, and Aqueous Pu-k, = 1 Experiments were nearly campleted
during the mo tﬁ. The Aqueous Pu Experiment was terminated because of a leak in
the outer contaimment vessel. The Pu spill was cleaned up with a loss of only
four graphite shim bars.

The experiment, to support IPD effcrt to find a 3 X ball for present reactors which
will burn out faster than present materials, was started during the month.

A 3 5/16 inch diameter by 25 inch deep hole was drilled in the fixed face of the
reactor in preparation for a scheduled Neutron Rethermalization in Water Experiment.
The necessary graphite bars for this experiment and zirconium tube and piping were
also prepared.

The TTR facilities were used for critical mass approach experiments for most of the
month.

The reactor was operated three days to calibrate and normalize foils for experiments
in the PCTIR. : ,

There were no unscheduled shutdowns during the month.

CUSTOMER WORK

Weather Forecastiné and Meteorolog_y Service

Type of Forecast | Number Made % Reliability
8-Hour Production 93 83.7
24-Hour General 62 82.2
Special 13k 90.3
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Consultation was rendered on meteorological and climatological aspects of 1) cool-
ing tower design (Project CAC-881), 2) calculation of heat exchange with the environ
ment of reserve reactor water stored in overhead tanks, 3) release of chlorine :
fram a roof vent in the 321 Building, and h) relesse of oxides of nitrogen from

306A Building.

The last in the series of three scheduled reports on prospective crests cf the
Columbia River flow st Hanford Works was issued on May 13. DBecause of a slightly
higher snow-water inventory in the Columbia River watershed, the expected peak flow
at Trinidad was revised upward from earlier forecasts by approximately 5 percent.
This revision represents only a one-ha.lf to one-foot increase in peak stage at the

100 Areas.

Meteorological services, viz., weather forecasts, o‘bserva.tions, and climatological
services, were provided to plant opera.tions and management personnel on a routine

basis.

The past month was the cloudiest Mgy in 14 years of record. Sky cover from sunrise
to sunet (scale 0-10) averaged 7.7. This compared with a May average of 5.7 for
the first 13 years of record and with a previocus May high of 7.4 in 1948. The
precipitation total of 0.71 inch was more than twice the normsl amount for May. The
Semperature average of 58.5 was 4.2 degrees below normal. The period fram the 12th
to 28th was notably cool with daily departures ranging from 4 to as much as 17 de-
grees below normal.

Instrumentation

All field and evaluation tests were satisfactorily completed on the Mask Monitor
instrument designed for the Laundry Operation. Operation instructions were written,
and the unit is now scheduled for routine service. The unit detects; in one step,
heta-gamma contamination on the mask surfaces; the use of the unit eliminates the
previous laborious handchecking methods used.

Tae final two Scintillation Transistorized Alpha Hand Counters were received, tested,
and sre ready for use. Tte units will be used in the 308 Bu..ldim_‘, and were fabri-
cghed to our specificzations by a Seattle firm.

I‘hc battery-operated selectable-level alarming scintillation dose-rate meter
ra.nges of 0-1 r/hr and 0-10 r/hr) designed for IPD for use as & reactor elevator
tand-in" monitcr operated quite satisfactorily during the month. Three more

-mits are now sckeduled to be fabricated irn the 328 Building Electronics Shop.
Zanges of 0-500 mr/hr and 0-5 r/hr will be used in the new units. The same 3-1/2
pound instrument can be adjusted to give any range desired, with any-point select-
stle alarming, from 0-20 mr/kr to 0-20 r/hr.

Two Model II, ga.ted-oscillator loudspeaker ocutput, scintillstion transistorized
aipha advanced Scintrans were completed in fabrication, tested, and are now ready
for demonstration use. These have a much louder speaker output than the original

cintrans; and when used with the new alpha probe, the instruments have nc gamma
»regponse in fields up to 10 r/hr. By merely changing probes to the type necessary,
the same instrument can be directly used for beta-gamma or neutron monitcring.
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* Fabrication contimued on: (&) An in-cell beta-gamms monitoring system and a special
cell air filter monitor for the Chemical Research Operation, (b) Ten linear dose-
rate monitors for 614 Building, and (c) A GM tube instrument for monitoring coolant - .
activity in test loops operated by the Coolant Testing Operation.

Evaluation tests were campleted on an IPD-developed integrating dose-totalizer,
seven 614 bullding scintillation monitors, a commercial pocket dose-rate indicator,
and sixteen HAPO Model I Scintrans. Comparison tests between RCA and Dumont Type
6655A photamultiplier tubes indicated the RCA tubes to be much superior for HAPO
applications. Temperature tests were completed on several 1BS5 GM tubes and three
HAPQO C-P instruments. Evaluation of several Ni-Cd small rechargeable instrument

- batteries was started.

The camputer study of the FPD autoclave temperature control problem has been comp-
leted. The instrumentation portion of the 333 Bullding Autoclave Installation
Design Criteria was prepared, based on the results of the camputer study. A report

describing these results is in preparation.

A new model ion count control for the experimental nuclear physics mass spectro=-
graphs was designed and several critical circuits breadboarded. All parts are
available, and construction may start next month.

A reference system for calibrating the Schaevitz DRS-100 Micro-Displacement System
for in-reactor creep measurements has been selected and the required ccmponents
have been ordered or sre under fabrication on site. The system is expected to
beccme operational during the latter part of June. The system will incorporate
three similtaneous, and relatively independent, modes of indication which include:
A Templin calibrator; a Tuckerman autocollimator, and a Gaertner traveling micro-
scope. Fused quartz linkages will be employed in transmitting motion from the LVDT,
inside the furnace, to the measuring devices, outside the furnace. Linearity and
long term drift will be examined at temperatures ranging fram 200 to 400°C. In
order to minimize vibration during the calibration, a special setup bench has been
designed which is capable of supporting at least a ton of lead, should it become
necessary, in order to attain the required degree of stability.

Farther investigations to confirm the feasibility of meking the process-to-shroud
Sube gap measurement in the PRTR by eddy current methods were conducted using the
Magnaflux FW-400 located at Wnite Bluffs. The results were essenvially favcrable.
A preliminary investigation to determine possible probe msterials and campcnents
whlck will meet the temperature and radiaticn requirements has been initiasted, and
sonductivity stability is expected to present the major difficulties. The tests
using the FW-400 were performed with a fregquency of five kilocycles and the instru-
ment produced detectable indications throughout the full range of gap variation. A
rrototype laboratory probe ig expected to become operationel during June, and a
considerable amount of data concerning the other parameters encountered in the
measurement will be .obtained using the new probe.

Optics

P/rometer Telescgp_e_;n-" Three small telescopes have heen designed and fabricated for
1se as radiameters controlling end indicating brightness temperatures. Two of

~ ‘these are in use by Ceramic Fuels Development Operation. The third is being febri-
~ cated for R. G. Wheeler. The sensing element is a Hoffman Photovoltaic Detector

Capsule whichhasbeen prcvided by Ceramic Fuels.
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PRCF Periscope - Design sketches have been prepared describing the lenses, spacings
and essential features of a periscope to be installed in the FRIR Critical Facility.

Underwater Light for 105-C FEF - A mirror and lemp assembly has been designed for
use with the Variable Power Underwater Viewer at 105-C Fuel Examination Facilities.

Quartz Fixtures - Design of quartz fixtures to be used in calibrating the Linear
Displacement Motion Transducer was completed. Fabrication has been started.

Rediation Ratio Pyrometer - A new sensing heed has been designed which can be
mounted directly on the stage of a metallograph. This head and the associated
electronic readout eliminates the drift and position sensitivity experienced with
the first model.

FPD - Materlals Engineering authorized development of a radiation ratio pyrameter
for measuring the temperature of copper clad coextrusion billets. This instrument
is to have an accuracy of at least = .10°¢ at 750°_c. If feasible, further develop=-
ment will be done towards a second instrument with an accuracy of + 2°cC.
A total of 449 manhours shop work was performed during the four-week period (May 1
to May 29). Of this, 9% was for IPD, 23% for CPD, 62% for HLO, and 6% for CEO.
The workiincluded: :

Repair of borescope camponents for Irradiation Testing Operstion.

Modification of an eyepiece of the Underwater Microscope for 105-C Fuel
Examination Facilities. ‘

F‘a’bz:ica.tion of a lamp and mirror mount for 105-C FEF,.

Fabricaticn of a set of 10 glass bhearings for CPD.

Fabrication of two pyrometer telescopes.

Fabrication of & quartz windows for a photcmeter cell.
Reconditioning of a lead glass window in 327 Building.

Repair of a stereomicroscope for Plutonium Metallurgy 2545 Building.
Modification of focus compensation lenses for the PRTR Profilometer.

Anslog Camputer Facility Operations

The new EASE camputer has now been placed in full service. The acceptance %ests
nave been completed and formal acceptance of the equipment may be made at any time.
The Chief Field Engineer for Beckman/Berkeley Division spent May 3, U4, and 5 here
and was successful in clearing up most of our difficulties. The digital voltmeter
trouble wms isolated and determined %o be due to excessive temperatures within the
2aupenent cabinet. This, in turn, was due to the use of an undersized cooling fan
Ly the manufacturer. He promised tc contact the mamufacturer in an attempt to

provide the necessary modification. In the meantime, the troubles can be temporaril;

overcame merely by having the voltmeter chassis partially out of the camputer rack.
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This will provide the necessary additional cooling for stable cperation.

The computer lab was used to conduct four three-hour classes in Reactor Physics for.
the University of Washington. . '

The PRTR ges loop problem has been on the EASE for the entire month. Tke GEDA
was out of service for almost the entire-month for routine servicing, for installa-

tion cof trunk lines to the EASE, and for plenning changes tc improve reliability.

There wes no unscheduled down time due to equipment malfunctions this moentkh.
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Cremical Research & Development

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

IRRADIATION PRCCESSES

Uranium Oxidation and Fission Product Volatilization Studies

Three fission product release experiments were performed in the high level facility
at 292 E Building. The first used a 11.5 gram uranium specimen irradiated to

2 x nvt, the same level used previously; this completed the base line experi-
ments. Tests at higher irradiation levels were started to determine the effect of
burnup on relgase of fission products from uranium heated in alr. Two tests at
about 3 x l nvt were performed under similar conditions as used in the base

lire experiments, 11.5 gram uranium cylinders heated in air for 24 minutes at 1215 C.
The oxidation rates were the same for the higher irradiated specimens; preliminary
indications were that the release of fission products was not appreciably affected
by the appreximately 150 +times greater irradiation. Preparations were completed
for an experiment at 2 x 107 avt.

Ar investigation of the Xel33 counting technique showed that direct counting of

*he charcoal traps from tests at high irradiation levels may introduce serious
ccircidence losses; collimaticn techrniques sheuld minimize the errors.

KPR Effluents

Fur+ker laboratory experirmerts ccrnfirmed the effect of amrenium citrate in pro-
rcsed NPR decorntamirating agents for preventing the scavenging of radiocobalt by
rrecipitates formed irn the mixed solutions. Systems corntairing ar ammonium
citrate and EDTA mixture resulted in scavenging decortamiraticn factors of 3 to 5,
wkhile similar systems corntaining ammonium citrate but without EDTA resulted in
scavenging decon*amiration factors of 7 to 9. Systems contairing EDTA only,
cxitting the amrcnium citrate, resulted in decontamination factors of 50 to 100.
Trese may be compared with scaverngirg decontamirating factcrs of 2000 to 6000

for mixtures contairirg neither EDTA ror ammorium ciltrate.

Reactecr Effiuerts Treatment

"JQ

It cecame recessary tc charge ke site for the pilot scale facility %o be con-
structed for determining reacter 2ffluent decortamination ted variables. The
advertages leading tc an carlier dezisicn *o locste in the 100-KW Area were off-
s2* Yy the potential for flocding the facility during a pericd whern a reacZor
eff_uent basic was dralning. Arn aiternate site at 1C0-D permits rnearly the sanme
design with a lower cost for installaticn. An order was placed fcr the five tons

of aluminum which will e machired locally irto bed material.

Determirvation of 0.0l to 0,001 Percert Silicopn ir Aluxirum

Silicorn was determined in high purity ailuminum by the alterrating current arc
spectrographic method. Comparisons were finally ot*ained by direct current arcing;
its insufficiert sensitivity was overcome bty adding copper flucride to vaporize
the silicon as +thes tetraflucride. SGetting comparisors by we* chemistry was futile;
reagents introduced more silicon thar was present in the aluminum sampies.

-
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SEFARATICNS PRCCESSES

Feed Preparation

Thermodynamic Calculations for Redox Dissolver Incident - Calculatiors have been
made in an effort to determine the thermodyrnamics conditions which led to the
Redox Multipurpose Digssolver incident. Since uranium oxidation rates observed
by various investigators and reported in the literature vary consilerably, and
since the heat dissipating condltions existing in the dissolver are difficult to
defice and predict, the calculations are, at bes%, approximations. However, with
the assumptions used in the calculations, the plausibility of such an incident
was demonstrated. The calculations indicated that a self-propagating chairn-type
ckemical reaction could teke place in tbe air-steam exposed slug bed in approxi-
mately 12 hours. This compares with the 30 to 36 hours actually required during
the dissclver incident. The calculations also indicated that heating of the
exposed slug bed would proceed slowly uniil the bed temperature reached 120 to
130 C; then the bed temperstures would increase very quickly {grsater than 200 C
per hour). Calculations were also made to determine the possibiiity of such an
incident occurring in a "ccnventional" Redox crib dissolver. These calculaticns
indicated that the crid dissolver is "zafe" for a similar quan*ity cf ai‘r-exposed
metal Decause of the tetter heat diasipating characterisiics of <he slug ved and
dissolver system. However, thesse caliculations indicated that sigrificant changes
in the conventional dissoiver systex {e.g., doubling *he air-steamw exposed metal
heel; halving *he air irn-leakage rate} could produce reactive conditicrs wizh
prolonged exposure of & metal heel.

Processgggﬁﬂicke‘-Coated Aluminum-Clad Blements - Purther studies on the dissclu-
tion of full size nickxe.-coated aiuminum-clad I and E fuel eiemsrts were mwade.
These elexente hsd nickel coating or Yotk sides of the aiumirnum cladding. They
had peen heated at 560 C for L5 seconds in one ster during fadrication. The outer
nickel ccating was nct attacked by boiling NaNOz~-NaCE decladfing soiutioz. Under-
lying alumirum was attacked through imperfeczions in the nickel coaticg. Beiling
.| HNO3 attacked the outer nickei coating slowily (three hours were r°quired to
remove *he coating). Beiling 1.5 M UNE-l.5 M ENO3 rexoved the coatirg ir 25
minutes azd 7 M ENO3-0.002 M Hg-NOQ)n rezoved the coating befcre the soluzion
reacked boil ngo

Aluripum cladéing, both alioy C-5b and X8001F was remcved resdilv Yy boilirg
NaQH-NaNC Bctbh allcye were present in the fusl pieces used in these studies.

It is of .ntnrest that the dissolution of aliloy XBOGCIF was very siow in either 7
or 3 M EKG: ccavalzing C.CS2 M nﬂ(h03,2. Alloy C-64 dissclves rapiély ir these
reagents. ~The inper nickel ccating was essertially urattacked by Ka0H-NaNO3 de-
ciadéing sclutior. Underlying AI-Si bordirg layer was attacked through imperfect-
ions in the coating. Spectrograpkic analysis of the inrer ccatizg indicated
asuminuz, ircn and silicor as majcr cozpcmenta in addition to tie expected nickel
ard phosphorus. Samples cf the inrer nickel coating and the Ai-Si bondirng layer

were fourd readily sclutls in 2 M HNO03-0.002 M Hg(NO3)n but sct In 2 M HNOz: alone.
Beth dissoived readily in 1z M EﬁO«-O .0C2 M Eg(N0~)2 leavirg consideraple silica
as a residue froxz the AI-8i. Five declad coras, Witk mcre or lsss intact ircner
nickel coating and Al-Si tcnd, were dissolved ir nitric acid (initialliy 13 g) In
all cases, ccating and Pond material wers undercut and attack on the underlyicg
metal was rapid. Penetration rates were not measured since exposed area was not
xeasurable. End grain attack was very marked. :
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NFR Decladdd - Pront end and rear end defects plus sectioms from the center of
extruded NFR annular fuel elements were declad in three rums with 5.5 M NH,F -

0.5 M NH,NO, dissolvent at a F/Zr mole charge ratio of seven. A batch tubular
dissolver waes used for the dissoiuticns. An average boilup rate of 0.25 lb-mol/
‘hr-sqg.ft. based on initial Zircaloy surface area was maintained with the condensate
diverted to a separate vessel and replaced by water addition. A dissolution time
of taree hours was not sufficient to dissolve all of the massive Zircaloy, but
was long enough to expose approximately 90 percent of the uranium metal core.

Data from the runs indicate that losses to the Zirflex decladding waste are less
than 0.5 percent for this type of operation. It will be necessary to charge about
10 percent excess of fluoride and to operate approximately four hours in order to
completely declad the uranium. Final dilution of up to 200 percent of the charge
solution is necessary to avoid zirconium precipitaticn.

Processing of U-Zr Alioy Cores in Redox - It has been proposed that uranium-low
percent zirconium alloys be used as fuel in the NFR reactor. A survey to determine
the problems associated with processing such fuels in the Redox plant is in pro-
gress. Studies to date have been made with U - 2 weight percent Zr alloy. First
concern is the loss of core material to the Zirflex decladding solution proposed
for removing Zircaloy cladding. Experiments +o determine this loss with proposed
.fueis are being held up pending solution of the problem of measuring and cortrol-
ling pH in Zirflex solutions.

Also of concern is the possibdle formation of explosion sensiiive surfaces on
uranium-zirconium alloy wher dissolved with nitric acid only. Such surfaces are
readily formed or alloys containing from five to twenty-five percent zirconium.
The lower limit of zircocium content for sensitive surface formation is not well
defined. Attempts to form such surfaces on U - 2 weight percent Zr alloy have
been successful only when the alloy was given a prolonged {3 weeks) heat treat-
ment at 575 C before dissolving it in nitric acid. Reproducibility was poor even

with this treatment.

Dissolution rates for the U - 2 weight percent Zr alloy in nitric acid oniy were
very low compared to rates for uranium metal under similar circumstances. Penetra-
+ion rates decreased from atout one mil/hr. in boiling 10 M HNC2: tc O.1 mil/hr.

2 M HNO3-1.75 M UNH.

The only rrocedure currectly available for preventing sensitive surfaces or U-2Zr
alloys during dissolution in nitric acid is to add fiuoride ion. Several studies
have shown that the concentration of fluoride must be at least four times that of
the dissolved zirccnium. However, to use *his procedure it the Redox 300 series
stalnless steel dissolvers, it wouid be necessary to protect the dissolvers against
severe corrosion by the nitric acid-hydrofluoric acid mixture. Aluminum ion in a
mole raiic AL/F of one or more is effective. Previous studies have shown that,
wken alumirum lcz is presezt, the fluoride to dissolived zirccnium mole ratio must
be greater than four. Based on these requiremects, a test flowsheet having
terrinal dissolver solution composition 1 M UNH-1 M A1(NO2)3-0.8 M fluoride-0.05 M
zirconium was proposed. Although syntuetic solutions with this compositlon and
with free nitric acid frem zerc to 0.8 M were stable towards solids formation,
solid-free solutions could rot be obtaired in attempts to dissolve U - 2 weight
percent Zr alloy to terminal socliutions of this composition. Dissolution rates for
U - 2 weight percent Zr in these solutions, while higker than in nitric acid omly,
were still low compared tc the dissolution of uranium metal in nitric acid.
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Solvent Extraction

Purex C Column Studies - Demonstration Unit 1C column tests using 1CX prepared from
Purex water treated with tbe new caticn resin (Nalcite ECR-W) indicated satisfactory
plant performance would bte obtained with this water. At the stardard test con-

ditiomns (1270 gph/sq.ft., one inch pulse amplitude, 60 C), the instability threshold
frequency with this water was 4T+3 cyc/min, compared with 5T+l with distilled water.

A sample of A-6 crib (steam condensate) was alsoc tested as 1CX. The instability
threshold was not significantly higher than that obtained with the new demineralized

water.

Several additives such as might occur in demineralized water were added to dAistilled
water 1CX to test their effect on the instability threshold. These included finely
ground samples of the former cation resin, Anthrafilt, and sodium p-toluenesulfonate
(the cation resin "building block"). At moderate concentrations (10 ppm or less),
the cation resin had an adverse effect on the instability threshold; the others

showed no effect.

Mistron and Bentonite were individually tested as stabilizing additives to deminer-
alized water 1CX. Both at 20 ppm completely stabilized the nine-foot tall column
within ten minutes at 51 cycles per minute and permitted stable operation up to

60 cycles per mirute. ‘

Purex 3B Column Studies - Development studies are almost complete on the cartridge
design for the proposed 3B column. Tke most satisfactory cartridge “ested so far
contains four-inch spaced stainless steel nozzle plates with the free area and hole
diameter graded from 23 percent and 3/l6-1nch, respectively, in the top third of
the column to ten percent ard l/8-inch in the bottom two-thirds, and with 23 per-
cent free area linear rolyethylere plates containing 2/16-inck hcles inserted at
one-foot intervals in the upper three-fourths of the column. The plastic plates
%end to stabilize the columm by continually coalescing the tight emulsior and pre-
verting the growth of large globules of organic which tend to form at the top of
toe cclumn at high rates. The plastic plates also permi: efficiert-appearing
cperation urder local floodlng conditions. In fact the most efficient-aprearing
operation cccurred at frequerncies just below the complete fiocoding thresholds.

The folilowing table indicates the range of orerability of tkhe cartridge at about
0.6-inch amplitude:
Frequency, Cycles/Min.

Volume Velocity, Gal/Hr-Sq.Ft. 630 1020 1350 1690
Tight emulsion builiup dbegan at: 75 T0 65 -
Mild local flooding btegar at: 90 75 67 60
Complete flcciing at: 1¢5 98 G3 -

The effect of pulse frequency ané agueous-tc-organic flow ra*ic (L/V) on the dis-
persion profile was ocserved ir one series of runs using a 23 percent free area
nozzie-plate cartridge. At volume velocities ranging from 1100 to 1500 gal/hr-sq.
ft., the onset of instabiiity was characterized by s tight emulsion at the bottom
at L/V = 0.1, at the top at L/V = 0.3, and in the middle at L/V = 0.5. This
uzusual behavior is believed to be related to the acid profile in the column;
particulariy to the great amount of aqueous phase backmixirg that occurs at very

low aqueous flow rates.
12495173 n
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Cavitatioz Calculations - Purex 3A Cclumn - Calculations show that the mirimum
pressure developed at the plston of the Purex 3A column will bYe approximately 5
psia. Since the vapor pressure of water at 140 F is approximately 3 psia, there
does not appear to be a cavitation problem. The leakage rate for a pistor pulser
is calculated tc be approxizately 0.C3 gal/min at typical cperating cornditions.

WASTE TREATMENT

Observaticn Wells

A well-drilling contract was awarded by the AEC to the Hatch Drilling Company of
Haif Mcon Bay, California. The contract is for the construciion of 19 monitoring,
test, and research wells at a cost of $77,430. In preparation for this comstruction
tests were performed %o evaluate the ability of Kai-Well casing to wiithstand the
pressure generated during jet perforation with shaped charges of highk explosives.
Examination of test perforaticms with the cliosed-circuit ™ camera indicated some
tendency for the casing to split under this treatment. During one of the tests

the casing apparently ccllapsed on a section of the perforating gun, lodging it in
“he well. As a result of these studies the drilling contractor was notified by tke
AEC that the light weight casing shculd not be used in comstructing the new wells.

There were no significant charges in grournd water contamiraticn patterns ir the
vicirity of the 200 Areas over the past month.

A specilal samrple of ground water cbitained recently froz well E99W=-22-5, locaited

200 fees eas§ of the abandcped 2246~-8-1 & 2 Sribs, contaized Sr90 a% a corcentration

of 1.5 x 107 uc/cco The appearance of Sr9 at this leccetion is nct ursxpected
since 1% 13 consisterntly rresent in sampies from well 299-W-22-2 at the cridsite.

Alsc, 1% was dsitected in scil samples obtained from near tke ground water tahle

when the WZ2-15 well was drilled in 1955. Special processing of three-liier gamplies
rom 2earby wells hae beer requested tc further define the extent cf any Sr

spread ir ikes ground water at this locaiicn.

Aprroval tc sink six two-inch well points at selected locatiocns near the iractivated
106 %azk ir the 2il-T¥ Tark Farm was obtaired. Protirng cf these 70-fcoct shafis is
exrected to yield useful dasa relative tc “he spread of waste in zcils for it is
suspected tha® scme waste had ls2aked Prox +hils tank abcut six to eigkt months age.

owre

Suck data may be of sigrnificart valus in arpraisirg t leak detectior systems.

Disposa’. ic Ground

sed metheds of dispesing of wastes frcx the T-Plart deccntamirasicr faciiit
stidlad. The used cleaninrg scluticns and celi drainage waste arz to e
routed to the 206-TY-3 crit. Toe low voliumss and expected low activity ¢ ithese
¥ErTss sicull make ground dlspesael ecsspiatla. even Though they ccrialn decortanm-
inaing chemicals tha® irzhidit adsorptior processes in some cases. The existing
rouse *c *ke crid is Ty way of the 111-T ard 112-T tacks. These tarks currently
centaln siulgs azl supsrzmatant soLunico rapresexsting second-cyclis washe Trcm ths
cizmuih prosphate rrecess. This material cortairs ralatively high concertratiors
of Cs=37 {1.8 x 1072 ucfee) ard Sr9C (3.0 x o5 uc/cc). The possible effsct of
chemicals iz the deccriaminatizg scluticns on the radioisotopes in this residual

waste i3 Teing studied.
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Semiverks Waste Calcizner Protctyre

Seven runs were completed during the month employing a modified ANL feed nozzlie
and a feed of simulated high acid Purex waete.

Performance of the modified ANL ©sed nozzle (liquid tip extended 3/16-inch teyond
air tip) was characterized by regligibie agglomerate formatior azd cear steady-
stete particle size conditions. Atomizing air flow requiremerts for thisz nozzle
are only 75 percent of that required im the "standard” nozzle. Atcmizing gas to
fead flow ratios as low as 270 resulted in satisfactory pariicle size ccrtrol and
an acceptable agglomerate formaticn rate. At gas-feed ratios of 360, nc aggiomer-
stion occurred; however, the average particle size decreased during the rum,
indicating ac optimum ratio for this nozzle at 300-325.

Uzder the above conditions, the total off-gas sollds extrainmerni amounted to 1 to

i weight percert of the producs. Of this amount, approximately one-kalf exited

at tkbe scalping cyclone, ard the remalrder with the condensate and scrub streams.
Aralysis of the condensate and scrud indicates approximately one weight percent of
the sulfate in the product is carried past tke cyclone presumably as calcined fines.

Two runs were made ic determins the effect of preheated (100 - 200 C) atomizing air
on rozzle performance. Althcugh the rurs were of short duration, nc probliems were
eccourtered nor was there any significant difference from rune empicying comparable
corditicos using ambient atomizirg air.

Batch Waste Calcinaticn

Tyc labcratory scale studies ox the fixation of Purex waste in an uragitated rot
were made during the month. Ir orne study, scdium sulfate crysials ware placed
betweern twec layers of powder frcm the fiurid bed waste calcizer {the siruiated Purex
waste fead to the fluid Ted unit had a sulfate tc sal: nitrate ratic cf 0.:8).

The quaciity of scdiur suifste added simulated a feed with a suifate To sals
pisrate ratic of 1.0. Uzder such ccnditions, a meit fcrmed at 900 C as exrected.
However, tke mel®t formed orly in the lower porticn of %tke poct; the uprer layer cf
calcizned pewder reralned unctarged. As a resul®; a large veid developed wiilin

ke poct. Pot corrcsisn was severe in the regicn of the scilum suifate laysr.

Ir tre secoré study, a liquid feed high in suifate aand phosphate waz calcined at
85C C. The sulfate plus phosprate t¢ sal® nitrate ratic vae 1.4 azd the sulfate
aciarity was 1.5 %imes %thait ¢of the phcaphaite. Pure scdium suifats and sciium
ryrcphcszthata form & sutectic (MP 748 C) &% the alonve sulfate Ic presphate resio.
Ia the calciration study, a =elt did form tut was very viscucus (mere viscucus
tka= previcusly cbeerved at sulfate to saii nitrate ratiocs c2 l.4);, suggesting
tne formation cf polyphosphates. Pct corrcsicn was negligibls.

Corrosiozn ¢2 QCR-L Stainless Steel by Alkaline Purex 1WW

Coupcus of 304-L stain’iess steel have ncw deen exposed to iiquid and vapcr phasas
o? toiling ayathetic Purex IWW at pH 10.5 fer a total cf 2100 hours. Gexeral
corresicn rates are less thaz C.0L mil/mo. However, scme very small pits wkich
arrear tc be developing at atcus 0.1 mil/mo have been observed. Exposure of the
samples is continuing.
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TRANSURANIC ELEMENT AND FISSICY PRCDUCT RECOVERY

Promsthium Purification

e Pivwat cold ruz ir the A-Cell equirment, reported last meath, was completed
and all soluticns aralyzed. Separation of the rare earths intc individual bazds
was excellert with the "heart cui" of each bhand assaying > 99 percert pure. The
very early separation cf yitrium iatc a band at the leading edge of the rare earth

‘pend will permit eiution of this kigh-wattage element to waste early in the

elution cycle. The cnly slight difficuliy experienced during the run was precip-
ftation of some of the lanthanum in colums 3 ani 4 {however, this did not plug
the columns cr prevent eluticz). is precipitation was due Yo the fact that the
lantharum-EDTA complex is less soluble than the rare earth-EDTA complexes, to
reduction of flow rate on transii from colum 3 (two-inch diamater) to column 4
(one-inch diareter), and 4o shutdown over two weekends. Lanthanum precipitation
wcaii nct be expectzd iz & normal run, where ke lanthanum, praesecdymium, arnd
mcst of the neoiymium would be eluted to waste afier columm 3. Foliowing the run,
resir was dispiaced Prom the columr remotely using tke same technique that will be
sexployed after "hot" runs.

A geccrd cold run was begun May 23. Conditions are icdentical to tkose of the first
rur except for substitution of Dowex 5CW, X-12 resin for Dowex 50, X-8. Use of
the higher cross-lizked resir is desiradle because cf expected grsaier resistance

~

+0 radisticn damage. Early irifcatior from tkis run ig that the X-12 resin is as
satisfaciory as the X-8.

Fcliowing the currert mm, 1% is planned tc meke oze mere "cold" run befcre imtro-
ducing Purex cozcerirate. Feed for the third ruz will cortain & "spike" of
premeshiuvm, azd also poseidly amerigium trecer. Flow rate will be irncreased from
3.6 mi/min,cx” <o stout 6 ml/min,em® iz the firs% three ccluzrs. The flow would
ther te reduced tc azout b ml/min,cx® ir the smailer ccluxns. If ail geez well

ari feed is availaile, it 1s plazned ¢ g0 het early iz July.

Ar informal repcri, Tae Separaticn of Cerium frcm the Trivalent Rare Earths Using
Hviroger Perox:ide ard Sodiuz AcstaZe, v E.J. Wheelwrighs, EW-92303. May 1O, 19
vas issued durirg the xenth.

Cssium Reccvery frox 1032-A Tank Supernate

The alkallne sursrzaie iz itke boiliing Purex i03-A waste tack was

%o comsein scme L3 curies ¢f wail-eged cesiux-13T psr gellorn,and r

ir snipping a cozcentrate of *his material %o Oak Ridge for isclaticn, packaging,

ard ssis. Twe lirss <F researck have Teex pursued ir bekalf of tkis goal. Orne

inmvelves ar exsensicr ¢f previous work w-th zinc ferrocyenide ard the cther the

use c¥f lzeorgan’c icz-sichazgers, the ladtler 4c te contalred in an sxlsilizg CRNL
-l b

skirping cask 0 tci: concentrate the cesium axd mirimize ip-transit bezards.
Bcth approactes were found techrically feasiblie. '

™o abtsortersg, the minersl clirzoptilclite ard the synthetic inorgarnic Zon-

- b‘q
excharger Decaleo, were trsated “atch-wise withk successive volumes cf fri_-strength
1C3-A superrate, wiik ihe solutior allcowed %o sit in contact with the exckanger
fcr a period of “ime after eack losding. On completion of the loading cycle;

the ved was washed exbaustively with water, eluted with successive volumes of

=0 M NHLNOg, ax=d all eliuetes aralyzed. The lcadlng ard elu*ion bhehavior cf the
two atsorbenis was essenilialiy idexntical. The Decalso iocaded %o over 80 curies

ey "‘;’-..r,'.‘f‘x
Rl A2 ‘a
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of cesium per gallon, ard over 95 percent was removed with only four bed volumes
of 10 M NHyNO;. Very little cesium was removed by water washing (aimed at remov-
ing entrapped impurities and demonstrating hazard reducticn in event of cask
rupture). Cesium contert of the last water wash was only 0.08 pc/ml in the case
of Decalso and 1.6‘nc/ml with clinoptilolite. The respective strontium-90

values were 0.0006 and 0.006 nc/ml. Although equivalent chemically, the physical
characteristics of Decalso are superior to cliroptilolite, and it also has the
advantage of ready commercial availability.

Experiments with zinc ferrocyanide were directed toward precipitation of cesium

rom alkaline solutions contairing the concentrations of carbcnate and nitrite
found in the 103-A supernate. Cesium recoveries ranged frocm 91 to 98 percent,
and it was found that neither carbonate nor nitrite interfered with cesium re-
covery as cesium zinc ferrocyanide. Previous experiments which indicated that
carbonates interfered with the process were apparently in error. Experiments,
based on these findings, with a synthetic 103-A supernate demcnstrated that
cesium can be recovered from the tank supernates in good yield and purity by pre-
cipitation cof cesium zinc ferrocyanide.

Strontium Recovery

The new 75 ton Dake press was received, set up, and has been used for pressing a
number of one-inch diameter strontium titanate pellets, using as starting material
a mixed strontium-titanium oxalate prepared from commercially availatle titanous
sulfate. Pressing characteristics were superior to and densitles somewhat higher
‘than with the commercial strcntium titanate powder used in most previous pressings.
A larger quantity of mixed oxalate is now being prepared for trial pressing of
2-1/2 inch pellets. X-ray diffraction studies are also being rade to elucidate
the chkemistry involved and identify the intermediate.

Strortium Isctopic Aralysis

Sthough the strontium in the Purex 103-A tarnk is not of interest from a recovery
standpoint (since most of the strontium is in the iraccessitle sludge layer rather
<han ir the easily removed supercate), the isotopic composiiicn has been deter- ‘
mizned as a test of newly deveioped analytical methods and since the externt to
which thiz material is cortamirated with natural strozntiur mey e a measure cf
the quallty of Purex strontium. For heai scurce appiicaticn, very 1litiie nor-
fissiorn strontium can be tclerated. A sircrtium-90 content of oniy 17 percert
was found, versus 61 percent expected. Source of this large dilution with catural
stroosium s wnkoewn. Arnalytical zethoeds are accordingly beirg dsvelored for the
daterxziration of strontium in uranium metal arpd for thes iscsopic aralysis cf
gtrentium in Purex 1WW. Even a few ppm of strentium in the uranium slugs charged
*o the reactors wouid comsiituie a serious diluticn.

Techretium Reccvery

Levelopxrent of analytical metnods for the determination of technetium-93 in a
variaty of plant process and waste streams contirues. The 103-A supernate was
acalyzad by three different methods based on (1) sclvent extraciicn, (2) ion
exchange, and {3) polarcgraphy. The results were in good agreement at about 90
mg/gal and showed that this supernate is a rich potential source of technetium.
I2 tke g?pegnqte is pumped from the tank for cesium recovery, it should be

| 249577
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relatively easy to recover kilcgram quantitiess of techeetium. Mettods for doing
this are being explored. Botk an ORNL-type magnetite precipitation and anicn- 4
exchange treatment of the alkaline supernate show promise. Dowex 1 readily absorbs
over 99 percent of the techretium; kowever, subsequent elution with dilute nitric

acid is scmewhat slow and is being investigated in more detail.

A sampling program has “eer set up at the UO3 and Purex plants which should allow
establishment of a technetium material balance over a fairly extended pericd of
plant operation. These results should also indicate the best poirt for continuous

plant recovery.

Shielded Solution Tramsfer Cask Calibration

A series of experimental heat transfer measurements were rur on the first (of two)
200 gallon shielded solution transfer casks to determine the number of watts of
radioactive decay heat which can te accommodated without forced cooling and with-
out exceeding a safe solution temperature (200 F). The critical heat input rate
was found to be 4.6 KW for 80 F arbient temperature conditions and 5.4 KW at 60 F.
Both of these are greater than the desigr value of 3.5 KW.

Fisslon Product Packaging Protctype

Tests were contirued cn the drying of water scluble salt brines in the inducticn
heated rotary kiln. These *es%s included the use of inftermittert feed; a long
scrarer knife., and steel tall lcadings to keep the scraper free of caked salt.

The intermittent feed and agitaticn derived from the talls kept the scraper free
frocm salt cake. However; the scraper assermbly deflected about i/8 irch ard cake
buildup persisteé on the walls of the kiln. Because of this salt accumuiation,

a recovery factor of only 43 percen® was achleved during a seven-hour ruz. Further
tesgte are planned itc modify the scraper assermbly and ic invesiigate the feasibility
of using volatile sa’t adlitives to altar the cakirg characteristics.

Ceriux "Rougk Cut" Pilter Siudles

T™e proposed cask to be used for the iransfer of the "rough cui” cerium filter

tc Cak Ridge corntains a low meltirng aliocy (Asarcclo 158, to dissipate *he heat
gzrerated bty the fisgicr product cake. Sirce limitzd informatior is avallable
or the keat trausfer characteristics of the metal; and since excellent heat
transfer is requirad to minimize shipping kazards and to prevent cverheating of
the fillter cake, laccratory exgerirenis simulating the actual cask heat transfer
3ysier were performed. In surzery, the experimenis demons<rated that the resist-
arce to kea: transfer ac-css the alloy-stainless sieel film was acceptably lcw.
Detalls of the studies have Tazen submitted to CPP Facilitlss Erngineexrirng.

AJAZYTICAL ARD TYSTEUMENTAL CERMISTEY

Sclil State Electrcric Power Pulse Gerermstor

A repert (EW-65455, "A Sciild-State Pcwer Pulse Generator," June 1, 1960) descriding
tkis device is in pubiicaticn. This unit kas beez in use {cn 2U-hcur per day
service) in the Non-Metallic Materials Deveicpmert Operation for three mcnths and
kas rnow been shut down oriy because of failure in a sclenoid pump which is powered

by the power unit.
1269518 Mﬁﬁw
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A paper with the titie "Voltage Scarning Coulometry: Its Application to the
Determiraticn of Traces of Iron" {(Repcrt HW-SA-1848) has been prepared for pre-
sentation at the Summer Analytical Symposium at the University of Hcuston in
June and for subsequent pubiication.

This new analytical methcd, which is more specific and has a detectlon limi% some
100-fold lower than controlled potential coulometry, should have wide applicabpility
for trace level chemical analysis. The improved sensitivity is obtained by scan-
ning the potertial betweer the working {titrating) electrode and a referenca
electrode at a constant rate and over a range embracing the reduction pctential of
the couple being titrated. The current which fiows in the absence of a sample
(i.e., the blank currernt) is relatively insensitive to potertial and plots as a
fairly flat curve against potential. 1In the presence of a titratable species,
howaver, the fotal charge necessary to convert this species frcm one oxidation
state to another must be provided at a potential near *the thermodynamic reduction
potential. The tltrated specles thus contributes a sharp current peak superposed
on the flat blank curreri. Thus, correction for the blank current can be made
quite precisely and enables much greater semsitivity. The potertial at which

the current peak occurs Jdefines the spacies being titrated, and its amount can be
deduced from the total integrated currsnt over the peak. In actual fact the peaks
are guite syrmetrical and concentrations camn be related directly tc the peak
reights. ‘

This anacyiical metkod has beern showr o be applicable alsc to the determination
cf lead, cadmium, mercury, silver, ﬁopper, gold, plusonium, and neptunium. A
detection 1imi%t for irom of 5 x i0™" microequivalents (0.025 wicrograms}! or, assum-
irg a 5 m1 sample; cf 20-7 molar and a staprdard deviation of *+ 0.0Z2 micrograms

rave been chiained.

Deterzization of Sr89 and Sr90 ir Milk

Stroztium-89 ard sircctium-G0 wers separated from miik by ion excharnge. Dowex SCW,
x 8, 50-100 mesh was used in the_sodium form. Milk spiksd with Sr > aré milk
chtaired from cows dosed with Sr8D were used to confirm the method. Preliminary
werk resuited iz covsrall reccveries of 8C percert. Use of the resin is sxpecied to

2linirate tke reed for dskydrating, ashing, ané sclubi_izizg “k= ask.

Deter=zinasicn ¢f Techrnatiur in Uraniuvm Product

Beta counting was used to determine the meI9 concentraticns irn prcduct urenium.
Preilrirary extracticn cf tecknetium wss necessary. Hexone saturatad with %e<ra-
boenylarsonium chloride extracted G5 percent of the isctope.

Determiration of Zinc ir Plutorium Metal ty Peclarography

Izpuritvy ziec was determined ip piutornium metal with a precisicn of + 3.3 percent.
The metal was dissolved in 9 M hydrocrloric acid. Polarograpky was applied +o
sample dilused wiih 0.1 M KCI to an sacidity telow 0.0l ¥ thus avoldirg interference
frca: a hydrogen wave.

| 2 qu 3 'Iq . : f
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EQUIPMENT AND MATERIALS

Z Plant Centrifuge Testing

Preparations are underway for 300 Area testing of a 6-irnch contirucus cenirifuge
for Z Plant. Process testirg in the 321 Building will include operation with
simated NPF dissolver siurries as well as a simlated Z Flant process slurry.
After operational testing the machine will te dismantled and reassembled in a
mock-up glove box for development of Z Plant box maintenance techniques.

Dynamic Balancing Machine

A dynamic balancing machine capable of handling rctating components from 1/2 inch
to bk inches in diameter, with lengths between 4-1/2 inch and 55 inches and weights
frem 1/2 to 1000 pounds has been received and is currently being installed in the
Technical Shops. The balancer 1s sensitive to 0.01 inch-ounce unbalance and is

available to service HAPO requirements.

Pemp Testing

HW-65024, "Development and Testing of a Magnaflow Pump,” is currenily beirg issued.

Magretic Pulser

Calcuiaticns irdicate that a 125 pound force-sciencid type-magnetic pulser can be
used 0 pulse a 4-inck Recuplex A column at a frequency of 80 cycies per minute
ard an amplitude of 1 inck. For calculation purposes a 50 foci-U tute cclumm con-
taicing 130 plates with 13 percent free area was assumed. Specificatiorns for a
%28t pulser of tkis type are teing prerared for submission to magnet rarufacturers
for tids.

Cozparison cf 2309 SCb ard 305-L Stairless Steelis

Pollowirnz heat *rea*ment at texperatures ranging from 1300 +c 215C F; samples of
279 SCt welded with 2C9 SCY ard 309-L walded with 309-L were exposed for L0 hours
ic boiling synthetic Purex 1WW (5 M HNO3). No sigrificant differences in corrosion
rates as & functice cf haat treatzext temperature were observed szcng the 309 SCt
samples. Cocupcns of 309-L ir tke as-welded cordition and when heat treated at
1300 ard 1500 F sicwed sa2rsitlizaticn with corrosicrn rates ranging as high as nire
mils/mo° Trere has been no evidence developed tc date that 305-L is more satis-
factory than 3039 SCb for service in nitric acid systems.

PRCCESS CCNTRCL DEVELCPMENT

"C" Cciumr Tes* Facillty

Irstrument calibtraticns ceorntinued durirg the month., The 1CX and the 1CF flow
.reccrder contrcllar calidratiorns were completed, and a prelimipary calibraticn of
tke ICF photometer cobitaired. PFinal caiibration of the LCF phctometer apd of the
columm dernsity insirumert wili be made after the desired ranges of these irstru-
=erts have deer established. The 1CF fliow indication was correlated with the 1CF
urapium concentration, and thke data reduced by least squares techniques for use

with the data rsducticn code.
1249580 “[%uw
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Skakedown runs of the facility have resulied in satisfactory creration of the
control systexs for the 1CX and 1ICF flows, interface pcsition, pulse frequency, )
1CX pH, and 1CF uranium concertration. The 1CX and 1CF temperature control systems,
while acceptable, are sluggish snd required prolonged operaticz to reack tempera-
ture equilibrium. Minor medifications to the steam and condensate piping to the
heat exchangers are expected to improve this condition.

A blown diaphragm on the 1CF temperature conirol, air-operated, steam valve ard a
similar occurrence with arn identical valve on another imstallaticn, indicate that
tetter diaphragm material will have to be provided for these valves.

During the shakedcwn runs a glass section of the column was broken while inserting
the mid-column photometer into a sample port. Redesign of the photometer support
and counter balance system has been initlated and a possible redesigre cf the
sample perts 1s being contexplated to mirimize this problem.

Ccntrol Model Develormeznt

Theoretical operating lines for a C-type column has been developed in differential
form. With the multipoint data to be collected from the C column test facility
the equaticns can be rigorousry tested and the coefficisnts evaluated.

Toe final resuits are expected to be an expressicr ¢f uranium corcentration in
either phase as & function of input variables and column height. The final model
will e used as a basis for a control system for a colum: of fixed gecmetry at

steady state cornditiocns.

Irstrunentaticn for Bubble Ccunter

Developrert of a %ime tc pulse amplitude converier for use with a bHubtle counter
“rapsducer has Teen cczpleted. The converter cperates with bubble duratlions frcm
G.05 to at least 1.0 seccnd and may be calibrated from atout 0.1 seccrd 3¢ 1.0
seconl using the present calldraiticn circuit. Read out for the sysiex is a 20
charrel analiyzer whick soris pulses acccrding to amplitude and alsc tctalizes the
vises. This irformaticn is anslagous, respectively, to individuvsl butdhle diaweler

aad Ycial number cf hubbles per urit time irn the solution teirg azalyzsd.

U0; Calcinsr Furrace Cocatrel System

An equation describizg the celcizer furnace transfer fuzncticn, tased on a thecretical
model; kas Tzen derivred. Plezs ar: to simailate the calclosr cerirel sysTem oo an

araicg coxputer to determine the validity of the mcdel and the requirements for a
gsadle contrel system.

FCK-FRCDUCTIOR FUELS REPRCCESSINZ

Mechapical Processing

Shear System Studies - Recent studies on the 40-tcz develcprent shear system which
coktains the basic coperaticnal componesnts of the meckanical cell shear systenm (shear,
water recirculation ard clarificaticrn devices) have demonstrated the basic feasi-
bility ofkthe compiete shear system. The hydroclone and water recirculaticn system

Jsaneser
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operates effectlvely to route greater tharn 99.8 percert of the sheared U022 into tke
shear catch bucket. The shear-to-bucket "rough” seal maintained water leakage well
below the hydroclone capacity. During the studies approximately 100 pounds of UOp

were sheared.

Initial results of the skear tlade studies show (1) shear blade hardness in excess

of about Rockwell C55 is not desirable, and (2) sharp, fragile points on Vee
tlades are not desirable (i.e., "points"™ should be generously rounded or flattened).

Colidsaw and d Hacksaw Studies -~ HW-62843, entitled "Interim Report - Hacksaw Studies
for Power Reactor Fuels Reprocessing,” is currently being issued. This document
sumparizes Process Equirment Development "cold" saw and hacksaw studies and recom-
nends hacksaw feed mechau*sms and blades for cutting Hanford's proposed reprccessing

Yoad.

Fzel Element Disassembly - HW-65380, entitled "Yankee 3and Cutting," is currently
being issued. The document discusses the various methcds studied for removing the
tie siraps and bands which hcld the Yankee subassemblies together. Fuel element

shimming, abrasive sawing and siitting knife studies are discussed.

Dissol ior of Arnel Filter Material - Synthetic Redcx process feed solution was
prepsrea by co-dissolution of uranium dicxide and Arrel filier material (amounts
correspording to six pourds ¢f Armel per ton of uranium). Dispersicn azd disengag-
ing tests indicate o emulsion formizg tendency due %o the dissclved Arnei. In
simiZiar itests made previously with Orion filter material, emulsiocrn fcrmatior
cceurred. Trke test was 2ade in corrmection with a proposal ic recover solids from
tke shear tasin filter by dissoiving filter and occluded firnes while dissciving
wrarium dioxide ccres.

Feed Preparaticr

Zirflex Prccess - Twe runs were made to demcnstrate the Zirflex decladdirg of
oxidized FRTR fuel elements (Zircaloy-2 clad UOz) in a recirculating dissolver.
Dissolvent charge corcerntraticrts for the runs were 5.5 M NH,F plus 0.5 M NELNO3
with a F/Zr mole charge ratic cf seven. A steam sparge was used for mctivatict of
the diszsolvent in tze first rurn, and an silr sparge was used r the seccnd so that
uraznium core lesses to the dscizdding wastes could be compared for the two methods.
The Jv2l element cladding ircluding end plugs and hangers was ccmpletely dissclved
ir Iess thar six hours ir Soth cases. The waste sclutions wsre cooled ove"n_ght,
centrifugsd to remove UCp fices and UF) precipitate azd sampled %o fedtermire
SClutas urag- Icssas. Fcr the sSeam spargsd run, urarium lc3ses wers ap;rcxi-
matsly 0.7 g/1 or 0.33 ye*ce:t of the ckarge. Losses for the air sparged run
were lpcresased by arproximately a factor of three o 2.0 g/‘ or C.85 percer+* cf
the uranium charge. Trhese lossas were higher by a facter of 1C and 28 thaan the
lcsses frcx the sizax spargei dissoluticz ¢f unoxidized elemeris repcried last
worth, possiltly tecause c¢f the typical uneven penetration always secursd with -
oxidized elemsris.

laboratery-scale deciadling ¢f Zircaloy-clad UOp by the Zirflex process was dore
iz ar atfezpt to exrlain the urusually higk uranium losses sustaired in tke atcve
rilct rlact runs. The Zircsicy cladding was cxide ccated. Ammonia removal was by
steax srarge. Uranium corntent ir the decladdirg solution was followed as a
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furcticr of decladding tixme. As sxpected, the soluble urarium cortent rose rapidly
tc a maximm of about 3.5 g/1 a% about ome hour. Thereafter it steadily declined
“to about 1.7 g/l at the end of decialdding {four hours). After 5.5 hours steam
sparging was stopped. Scluble urariur ir +the cccled scluticn was 0.55 g/l which
decreased to 0.45 g/l at 22 hours. A urazium content of 1.3 g/l represents 0.5
percent 1lcss in this run. These data are consisternt with the recirculating
édissolver experience described atove.

No completely satisfactory solution to the problem of measuring pH in Zirflex solu-
ions has been found. By careful tufferizg and by remaining in the pH range 6.2

to 7.7, reproducible resuiis were obtalined using new general purpose Beckmar glass

electrcdes. The same dependence of Zircaloy dissolution rate on hydrogen icn

ccncentragécn as previcusly reported was found -- dissolution rate 1s proportional

+c (g7)0-%0, Ppreliminary data on the dependence of Zircaloy dissclutior rete on

free fluoride concentraticn indicate dissolution rate proporiicmal to {F~)*°° at

rH 7.

Sulfex Process - Small scale studies of nitrate destruction by formalin in typical
Suifex declaiding sclutiozs have clearly irdicated that the ritrate removal is a
functicn of total acidity. At initial nitric acid ccncertrations cf about 0.5 M,
citrase destructiors varied from 3 tc 99 percent of the initial as total acidities
increased from 0.5 to 2.3 M.

Oze Suifex dissoiution of simulated fuel elements has teen performed ir the Niflex-
Zirflax-Sulfex pilot scaie dissclver facility. Arcut 200 pounds of urariur dioxide
peliets, clad iz 0.016-izck wall thickness, l/2—inch diameter, type 30LL ztainless
gteel tubing were successfulily Jeclad with suwifuric acid. The iriiial acii con-
centraticr was four molar, azd tkis was increased to sbout six xzclar Dy slow acid
sdditicn. The hydrcgen evcliuiicr rate indicated +kat the attack rsis was markedly

raduced from that obtained in glassware runs cn small pieces ¢f tke sams *tuting.
Ye rate was very sicw at firs%, built up slowly tc a maxirum with acid addition

ard ther fell cff vary gradually witk consump*icr cf stainisss sisel. The hydroger
avoiuticn profile is sirongly reminiscent of a provatility curve. Tae fall off

ir reacticr rate wasz desrmorsirated %o nck be solely due to depleticr of Tthe acid

v tkhe observaticr that addisticr of acid in the latter stages cccasicrzad no
izerease in hydrogsr evoluiion. These pheromena ars currently pestulased ic te

Zuz *¢ 3 rezdez variasicz cf activisty of stalirnless sleel and & ranicx rartial

cceiusicn of poriicns of the stainiess surface by the U0z pellsds ari other stain-
Q

Zyireasic Studiss - Recirculatirg Disscliver -~ In studies of alir-1i7s irducsd
recireoutation hrough UCz packsd beds, the imprcbatility of ortalcing adequate
ligquil flows wher air Is intrcduced Telow the bed was Jexcrmsirated. Ths alr dis-
riaces the liquid Zrom the bed witk the reswt that all ligquid flow ceases whereas
the air flow encounfers aizost nc resistance. PFuriler stulies are pianred on a
system employing a simulated fuel element camnister witk ika air teing intrcduced
asbove the cannister bottom seal ané irto azzuier space (1/i-izck) between the
carnister and the dissclver wail. Iz thiz zanrer the air caz T2 Irtroducszd inse

thz diissciver adbove the tad, dut it may be possitle ic prezcte circwlatnion.

e s

Materials of Censiruction

Sarplas of the second *twelve heats of experimental alloys were recelved from BMI.
Exzeriments to deitermins thair corrcsicn tehavior ir Buey tesis szl in Zirflzx and
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Sulfex process solutions are urderway. Prelirinary data on corrosion of these
alloys in Sulfex and Niflex solutions have been received from BMI. Not enmough
corrosion data have been obtained to warrant detalled discussion of the effects
of composition changes ir these alloys. Some of them appear to be somewhat
superior to the best of the first twelve heats in Niflex sclutions.

"In-Tank" Boron Monitors

Tests on the Boron Monitors proposed for five locaticns in the Redox plant have
been completed in the 321 Semiworks. Calibration data for the three aqueous
make-up tanks (ZEX, 1BX and 2DA) arecomplete. Calculations are being made to
determine what effect different U-235 enrichments will have on the monitors'
sensitivity for the two evaporator (F-2 and F-5) applications.

Preparation of Feed Materiale for Criticality Studies

The feed materials for the first experiment to determire kg versus E/U atomic
ratio for the three percent U235 ernriched homogeneous uranyl nitrate-water system
have been prepared and delivered. The shipment consisted of approximately 300
pounds of boron-poiscned uranyl nitrate trihydrate (H/U = §).

The preparation procedure consisted of (1) dissolution of UO3 in nitric acid,

(2) concentration to UO2(NO3)2.3H20, (3) solidification, (4) pre-crushing,

(5) pulverizing, (6) blendirg of boron carbide impregnated polyetkylene and

uranyl zitrate, and (7) loading irtc plastic lined aluminum tanks. The first six
coperavions were successively performed im four separate batches of the itotal uranyl
nitrate tc meet critically-safe specificatiors. The average composition of the
sciutle material was 53.1 weight percent uracium, 28.2 weight percent nitrate,

and 11.6 weight percent water.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONTUM RECYCLE PROGRAM

Processing,PRTR Fuels ir tke Redox Plant

Aluminum allicy 5061 is being corsidered for fabricatior cf taske:s o trarnsport
PRIR fuel elemerts tc the Redox piant. The dissoluticn behavior of this alloy
(wkich contains three to four percent of nom-alumirum constituerts) in HNO3-
Hg(NO3)2 was fourd to be very similar tc that of Pu-Al-Ni-Si-Fe alloys proposed
fcr spike fuels - rapii ic low and slow ic high acii concentrations. Dissolution
cf the basket material in HNO -Eg(N03)2 irstead of NaNO3-NaOE is proposed for
those cases where ruptured splke fuels are present %o avoid rapid atsack on
exposed core material. The similar dissclusicn behavicr of core material and
ailoy 6061 in HNO3-Hg(NO3)o indicates significant selsciive dissciution of 6061
in this reagent is not possible. Tke use of 25 sluminum baskets would permit
selective dissclution of tke baskets since 25 aluminum dissolves rapidly in strong

ENO3-Eg(NO3)p sclutionms.
A series of dissoluticzs c¢f Al-Pu-Si-Ni-Fe alioy was made to determine if the

rapid dissolutior of this allcy in HNO3-Hg(NO3), solutions at low acid (ca. 3 M)
couid be moderated by the presence of uranyl nitrate. Moderation of the dissolution
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rate is dessired because of hydrogen producticn. These runs fexonstrated that
good control of dissclution rate is feasible. Dissclution times for one-haif inch
diameter rods were increased from one to 24 hours as uranyl nitrate concen*ration
was Iincreased from zero %tc 0.75 molar.

Simulated Redcx feeds were prepared from the dissolver scluticns prerared in these
runs. In all cases, stable eruisicns wers fcrmed when these were contacted with
reutrsl hexone. Emulsion forma’sion could, in general, be prevented by additicn
cf Mistron-25 (65 - 250 ppm) prior to contacting with hexore provided the solu-
tions contained scdium dichromate and had been heated (pilutorium oxidation step).
Additiorn of Mistron-25 to solutions not ccntaining dichromate had a varying and
non~-reproducible effect on emulsion formatlon.

Dissolver solutions prepared by dissolvicg Al - 2 wfo Pu - 2 w/o Ni alloy in HNO3-
Hg(NO3)2-UNH solutions were visibly clear and free of soiids. Dissolution rates
were comparable to thcse for the Al-Pu-Ni-Si-Fe alloy usged in previcus studies.
Dispersion-disengaging time tests were made with these sclutions (acd neutral
hexone) following adjustment to Redox feed composition and simuwlating plutenium
oxidation. Ir all cases, disengaging times were comparable {o those obtained with
control solutions prepared from labcratory reagents. It was noted, ir these studies;
that disengaging times were markedly ir®luenced by the acidity cf the feed solution
wher dichrcmate was present. Increasing the feed acidity from -0.2 to 0.1 M
ircreased disengaging times from one to three minutes. Tre Redox plact is currenily
cperating without emulsion problems using acidic dichromate-containing feeds.

Continucus Icn Exchange Ccrtactor Develormert

MABIE Contactcr - Ey2rauiic stuiies of the MABIE ccntactcr were coz%inued in a
*wo-stage cclumn. Various caririlge gecmetries wers icvestigated usizg 20 %*o 50

~ mesh resin %o optimize +he stage sararator ard resin Zowncomer design and delineate
orperating characteristics. The significart resuits c? tke stuldiss tc dale are
surmarized below:

1. A s*age saparsicr coxpcsed of sieve plates witk 0,08-inch diameter hcles
ari 23 percen® free area proviiad geed performance.

2. A cre-inch diaszeter downccxer pipe, oxtending arprcximately twc Inckes
beicw %th2 stage szeparascr and nearly tc the cerbter of *the columnm provided
adequate resin trazsport.

3. Gocd operaticr was dszcrnsirgted with the aquecuz flowing sither upwari or
dowrward iu the colurr. '

L, Tre resin flow rats is Irisrsrndent of both agitation acd aguecus ILow
rata.

3. A resir holi up of approximately 57 percenmt cf the consacicr veliums

resulted ir gocd cperaticn with a zinimmm agitatcr power.
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Jiggler Contactor - Hydraulic tests with Permutit SKB resin (10-20 mesh) indicate
that the resin recycle capacity of the one-half inch recycle line is about 100 ml/min.
The resin flow has beern shown in recent tests to be unrelated to the amplitude-
frequency product. Factors affecting the rangeability of the resin flow to meet
different flowsheet conditions are now being studied. These include the height

of introduction of the air jet to the resin recycle line, the total agueous flow

in the "A" column, and the diameter of the resin recycle line. Other variables

that will be measured or calculated are the resin and liquid pressures at various

points in the systems.
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Salt Cycle Process

Determination of O/U Ratio in Uranium Oxides - Development work on the determination
of uranium(Vi)/uranium(iv) ratio in uranium oxide samples by controlled potential
coulometry has been completed and the method transmitted to the Analytical Labora-
tories Operation for routine use. The preclsion attainable by this method is .
indicated by analyses of a standard U30g sample yielding for the 0/U ratio a value
of 2.6677 + 0.0009. A paper describing the method is in preparation for publication.

Polarography in Molten Salts - Many experimental problems have required solution to
enable satisfactory polarograms to be obtained under the rather extreme conditions
required to work in molten NaCl-KCl mixtures. One of the major problems has been
obtaining a suitable sheatk around the Ag/AgCl reference electrode which would
protect this half-cell ard s%ill maintain a suitable electrical contact with the
salt solutiorn. A sheath cf "Supremax" glass suffices irn all respects except that
it imposes & high resistance which limits the current which can be drawn from

this electrode and distorts the polarographic wave. This problem has been solved
ty employing the controlled potential polarographic technique. An opersational
amplifier controls the potential between the micro electrode ard the reference
electrode at the arplied scan potential throughout the scar. The current required
to maintain the necessary conditior of concentration polarizatior a*t *the micro
electrode is drawn largely from a third electrode so that very little currernt flows

through the reference electrcde. :

With thie set up well-fcrmed polarcgrams are obtained from whick information of
thermodyramic sigrificance can be deduced. For example, interpretation of the
polarograr for tke Cu(I)/Cu(C) couple ylelded a measured valze of 1.08 for the
e_ectron change. '

Insufficient work has been done with the uranyl icn as yet to permit conclusions as

to the mechanism of reduction of U0zt to UOp. However, i1t was cbserved that

+he half-wave potentlial for the U02$+/U02 reduction changed wher the scanrirg rate

was changed, implying a kinetically-limited rrocess. Also, the indicaticn is that
deposition of UOp on the micrc electrode enlarged the area of this electrode
sufficiently that a limiting current was not obtained.  Amcng otzer things, this
implies that UO, deposits so formed have & rather substantial elecirical conduciivity.

Dissoiution Rates for Uranium Oxides in Molten NaCl-KCl - Coxzparative dlssolution
rates were measured for various uranium oxides into NaCl-KCl eutectic at 700 C
with a uniform chlorire sparge rate. Using one gram sampl2s of -100, +325 mesh
powder, the amounts of uranium dissolved in 5 and 30 minute periods were measure

with the following resulis:
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- g;grDissolved
~ 5 minutes 30 minutes

Pot type UO3 0.79 -

U30g prepared by igniticn 0.51 -
of Pot type UC3

Spercer Arc-fused UOp 0.038 0.125
(o/u = 2.01) '

Horton Arc-fused 0.062 0.155
(0/U = 2.01)

Electrolytic UCo - . 04125
(0/U = 2.0I)

I+ is apparent that substantial improvements in dissolviszg rate can be obtalined
by converting UOp to a higher oxide prior to initiatirg chlcrine dissolution. In
the Salt Cycle Process as presently scoped, UOp will be converted to U308 in the
course of the decladding operation.

Apparently, within the range of readily attained particie sizes, dissclution rates
of the above near-stoichicmetric electrolytic UOp, were relatively Insensitive to
particle size. In 30-minute exposures of one gram sarpies of varicus sisve screen
sarpies the following results were obtaired.

Mesh Size g U Dissolived

-150, +325 0.125
- 60, +1CO 0.121
- 20, + 60 0.113
- 9, + 20 0.091

Solubiiities of Urarium Oxides in Molter NaCl-KCl - Aprarert solubilities of uranium
=xides in NaC--KC1 eutectic nave Teen meastred at 7O C. Measured urazium(VI) con-
certration in the salt after five-hour exposures were as fcllows!

Sclid ' 0/U Ra%io g UvI)/kg sal+®
Pot type UC3 3 66
U30g preparsd by igoition 2.66 12
cf Pot type GO3
Electrolytic UOp 2.17 0.05
- 0.01
2.01 0.004

These results confirm earlier resul*s in shcwing a muck greater solubility for the
higher oxides. Likewise, iz no case could any species cther thap uranium(VI) be
detected in the melit.

. e
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Thus, there still remains a pcssibility that the siight solubility measured for
UO2 stems from oxidation by traces of oxygen or molsture in the system or slight
excess oxygen in the UOs.

Recrystallization of UOo - Recrystallization experiments with UOp from three sources
confirmed earlier observations. When electrolytic UOg, which forms as aggregates
of cubes, 1s "steeped" in NaCl-KC1l-12 w/o U02Clp at 800 C certain faces of the
cubes dissolve more rapidly than others so that the origimal cubes grow continually
thinner in one dimension and enlarge in the plane normal to that direction. After
. four hours about half of the UOy is still in the form of aggregates, but the
original cubes have changed irnto flat plates oriented at random angles with each
other. After eight hours few aggregates remain and the flat plates have become
so thin ard fragile that they are easily broken into fragments. Starting with
-20, +60 mesh material the +60 mesh fraction had been reduced to 18 percent after
four hours and to only one percent after eight hours in one case and 28 percent
and five percent, respectively, in another case. Norton arc-fused UO2 (near-
stoichicmetric) recrystallized in much the same fashion.

When the same process was attempted with massive chunks of UO, the cverall size
of the lumps was not greatly altered in four hours, but two parallel flat faces
had developed and varicus irregularities had been removed frcm the remaining edges.

These recrystallizatior processes offer intriguing possitilities for controlling
the particle size distribution ard shape of UOp powder prepared by electrolytic
reduction. However, beneficial application will require considersably greater
iesight into the process thar row exis*s. The effects of recrystalliza+tion on
chemical purity and O/U ratic are scheduled for early study.

Statility of UOCl2 in Molter NaCl-KCl - The uranium oxide produced by thermal
decomposition under vacuum of uranyl chloride ir molten NaCi-KCl at 800 C was
found to have an O/U ratio of 2.58 and the X-ray diffraction pattern corresponded
tc a mixture of UOp and U30g. Collection of the off-gas from & run at 700 C
irdicated the presence of chlorine. The following corclusicns have been drawn
from this brief study of UO2Clpy in molten NaCl-KCl:

1. At 700 to 800 C, UOzCly decomposes by a simple deccmpositior reaction to
produce U0, ard chlerire.

2. Some uraniua(IV) was always fourd but in runs of ary lengtk tke quantity
was small compared to tke UOsp.

3. The mechanism of formation of U30g is unkmown. U30g formation is greater
at 8C0 C tkan at 700 C.

UCClo Studies - When partially depleted sali cycle electrolytes are dissolved in
acidified aqueous solution, & small amount of uranium(IV) is almost invariably
found. I% has been conjectured that this may arise from urarium(V) by disproport-
icnation or by the aqueous reaction of uranous oxychicride, TOClz. A sample of
UOClo was therefore prepared and scme of its chemical properties were examined.

Preparation was by the metkcd cf C.A. Kraus (CC-17i7) which uses the direct
reacticn of UCp with an excess UClh at 600 C, followed by vacuum remcval of the
excess chloride at 450 C. The greenish yellow solid product aralyzed 21.2 per-
cent chlorine ard 74.3 percent uranium; theoretical for UOClp is 21,8'percent
chlorine ard T3.3 percent uranium. The X-ray diffraction pattern was well
defined, but did nct correspond to the patiterns for UCl3, UCly, UC2Cly, UOyp, U308,
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or UO3. The product was very hygroscepic and inscluble in ni‘rometrare, pyridine,
ether, acetone, and phesphoryl chioride. Attempted dissoluticn in water resulted
in formation of UOp and a green colored (UClg?) solution. Dissolution in con-
centrated hydrochloric acid resuited in a sclution whecse absorpticn spectrum was
that only cf UCl); tke spectrum of urazyi chlcride was not cbssrved.

Absorption specira were cbtained of tke salt milled ir petrclatum cver the range
of 400 to 1600 millimicrons. A broad absorpticn band was observed between 930
ard 1225 millimicrons that showed fine structure reminiscent of the fine structure

of the uranyl peak at 420 millimicrons.

In addition, tkere were two smaller absorption peaks at 580 ard 1285 miilimicronms.
For comparison, solid UCl), was examired under the same conditions. Aa absorption
peak in the same 930 to 1225 mrillimicrons range was ovserved, but it contained
none of the fine structure associated witk the UOCl,. Alsc, the two peaks at 580
and 1285 millimicrons were absent. From the above data it is quite evident that

the sample was UOCly of rather high puriiy.

When UOClpy was added to molten NaCl-KCl eutectic, & green coler formed and upon
standing, UOo precipitated. The green salt so produced was powdered and ar
absorption srec*rum of it as a mulli was measured. is spactrum ccmpared very
closely with that of UCl,-NaCl-KCi. The peaks at 580 and 1285 miliimicrons
associated with the UOCl, spectrum were atsert. It was inferred frcm this evidence
that UOCly is unstable in molten NaCl-KCl and reacts by double deccmpeosition to
yield UOp and UCly. It is telieved that U0012 is not arn imporsarct interxediate

in the Salt Cycle Process raving, if at all; cnly trarsitcry existerce.

Preparation of Pilot Plant Quantities of Electrolytic UOp - Cornestructicn of a unit
to produce 5 to 10 pound batcies of elsctrolytic U0z daily is rearly complete.
The 2quipment consists of a 13 KW Trernt furnace, an cff€-gas zystem with a caustic
scrubber, and a 50 KW rectifier. The 50 mol percent Kal_-KCI mixture has Deen
meived in 20 liter tatches in a fused silica crucihle. All +he mciten salt in
the crucible has beer trarsferred successfully at 700 C from the furrsce through
a three-fcot uninsulated quartz line by vacuum transfer inic ar ideztical silica
crucitle. The salt was cooled ard remcved from the seccnd crucitle in ors chuck
with o damage to the crucidle. The graphite electrodes caz te meved icto ard
out of salit batk by mesars of counter weighked slectrical leads. Testirg cf the
efficlency of the cff-gas syster for chlorine abscrpticn is urierway.

Norn-Metailic Materials - Four different ceramic corpcuzds were tested in a scdium-
rc*essium ckicride melit {equal wol psrcentages) cor*airing 10 wsight percent
urazyl ckloride. Thk2 melt was maintaired at 800 C azd sufficisnt ciicrine gas

L PP

—waz bubbled throcugh the melt ic keep the uranium in scluticz. Results cf the
::}eSt are sumrarized belcw:

o Duraticn
o Material Tested of Tes* Remarks
(o]
_dlumira Crucitle A-L02 {Nor*cr 12 2ays o charge; excellert resistance.
Cempany ) :
Magnesium Oxide Crucitle Magnirrax 13 days 10 =il attack above the melt.
0340 (Carborundum Compary) Crucible weight decreased 2 grams.
90% Mg0, 10% Ti0p Slip Cast 6 days Salt percciated thru crucible.
Crucidle (234-5 Ceramics Sktop) Cruciblz weight decreased 2 grams.
CaF2 Cruc¢ible (Local Fabricatiocn) -- Crucibie crackz=d and broke when

~nrTad fvw adw Gikilant +n 1Al at+tanike.
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Other Pyrochemical Systems

Despite the ease of reduction of ruthenium(III), it was found that the distribution
of ruthenium-106 tracer between molten aluminum and Al1Cl=3-KCl did not exceed 1.5.
This rather surprising result confirms earlier experiments with fission product
ruthenium from long cooled irradiated UOs.

Continued experiments have shcwn that & number of halide mixtures form immiscible
iiquid phases in contact with molien AlICl.,.KCl. BSome of these immiscible systems
are 50 m/o LiCl-35 m/o KC1-15 m/o NaCl, 63 m/o LiCl-40 m/o NaCl, and 40 m/o CaClz-
40 m/o LiC1-20 m/o NaCl. In these systems the two phases retain their identities
guite well with only a slight amount of cross contamination.

Distribution behavior in these systems :is very interesting. Uranium(IV) distributes
in favor of the aluminum chloride phase; whereas, trivalent uranium prefers the
alkali chlorides. Since plutonium(III) behaves like uranium(III), this system, in
principle, can effect separation of uranium(IV) and plutonium(III). Ruthenium-106
tracer favored the alkali chloride phase in distribution studies between NaCl-LiCl
and Al1C13-KCl. The distribution coefficients ranged from 7.4 to 10.

Visitle and Ultraviolet Spectra of Uranium Chloride-Alkali Chloride Systems

Because the determination of species in molten salt systems cannot be satisfactorily
made by analysis of derived agueous solutions, the development of spectrophotometric
methods for fused salts in the visi®le and ultravioiet regions has beer intensified.

Using ultra-thin (0.025 mm) quartz spectrophotometer celis, i% has teen possible to
obtain absorption spectra of botk alkali chloride-uracium(III) chloride molten and
frozen salts over the range 300 to 1300 millimicrons. _

Ic molten NaCl, KC1, or CsCl, UCl3 exhibits similar absorptica spectra with
indication of at least two complexed species, one of which is predominate in the

CsCl system.

The same systems were ccoled ir the spectrophotometer; the transiticns being
readily cbserved by atrupt changes in the trapsmission. At temperatures below the
secord transitior {belleved tc be the eutectic), the abscrption spectra of UCli inm
NaCl, KC., and CsCl were entirely different. The NaCl-UCl, system gave & spectrum
similar to that of UCl3 ir petrolatum irdicatirg segregatiln of the sal®. The
other two systems were different from the NaCl system in that the UCl., srectrum
was nct observed. It has been assumed that complexing occurs ir the KC1 and CsCl
systems, and in fact, indications of this appear in tke phase diagram for the
system RbCl-UCly. Microscopic examinaticn of the alkali halide-uranium halide
samples revealed that segregatior occurred in the slow cooled KCl and CsCl salts
out no UCly spectrum appeared. On the cther hand, even very rapid quenching from
890 C of tke NaCl-UCl3 system failied to prevent the UCl3 spectrum.

Pressed pellets of UClLy in the alkali chloride salts gave spectra at room temperature
that were all different. These systems, like those containing UCl3, showed similar
spectra in the molten state. Alsc, as in the case of UCl3, evidernce for complex
ionic species were obtained in tke moiten state.

Infrared and X-ray diffraction spectra data were also obtained but did not provide

much help in the elucidation of the speciss present.
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CsCl-RtCl Systerx

The liquidus of the CsCl-RbCl system was determined 0 see if this system contained
a sufficiently low melting eutectic for use in pyrockemical siudiss. Unfortunately,
no eutectic was found, the temperature mcnotonically dropping from +the melvting
point of RbCl, 718 C to tkat of CsCl, 646 C. The modified Beckmar DU spactro- v
photometer turns cut to te very useful in deisrmining whez phass trazsiticms ceccur.
The reproducibility of temperature is about + 1 C.

RADIOACTIVE RESIDUE PRCCESSING DEVELOPMENT

Radiant-Heat Spray Calcinaticn

Ten runs were made during the month tc determine the capacity limitatiors of the
spray calciner for operation with simuiated formaldehyde-kilied, high-sulfate Purex
waste. The degree of calcirnation, as measured by weight loss acd chemical analysis,
was crcly slightly affected by feed rates up to 11.3 gal/hr,ft%, tls 1limit set by
the spray nozzle and Calrod heaters. The tap density of the powder product increased
with flow rate ard also witkh the additicn of 50 g/l of sugar. Tkus, the product
dersities ranged from atcut 0.9 to 1.4t g/cc with sugar and frem 0.85 %o 1.0 g/cc
without. BSince glass-forming additives were rot used; all cf +hese dersities are
gratifyingly high, compared to thcese obtained ir eeriier runs. Reascn for the
. increase in density with flow rate is not apparernt but may weil be rela%zad to
feed/steam ratio ;5 & point wkich will bte explored further.

e

Pogi-calcizaticn keating of spray-calciner powders tc 950 C cortinued +o show that
there is a large {30 %o 40 percert) weight loss and evoiuticr cf _arge sxcunts of
S0z end SG3 in the case of high-sulfate Purex waste. This weigh® Icss was found
to be substartially reduced by addiiiorn of calcium ard even mcre, Ly a factor of ten,
wien 250 g/.z. of sugar was added tc the waste pricr 4o calcinatiozn. The calcium
presumably forzxs thermaliy stable calcium suifate wkareas sugar prcmoes deconm-
rosition of mest of the sulfate ir the spray-calciner its=2if. Heating tests were
aisc made this menil cr spray-calcinzsr powders produced scme time a.go with lcw-
guifate Purex waste. There was nc weight lcss, iz fact & alight gain, cn hzating
w2se. Sulfatz corcentraticn of the kigh-suifate wasse was .5 M as corpared ic
.25 M in tke low-suifate msterial. Toe suifade/sciium mels razic in these two

f2el ccxpositiors is protably more significant in explaining ths Iifference than
23 the actual sulfate corceriraticz. Values of *heze »asics wers 1.59 ard 0.5,

respeciively, iz the high azd low sulfate wastes, i.e., the low-suifate wasie con-
taired sufficiznt sodium to foerm sodium sulfate.

A series cf new ccrrcsicn ccupons were sxposzsd durirg the zmonik’s rurs a:d irdicated
corrosicn rates far lower +han repor»#.; eariier. Type +ib staizlsss steel and
Inccrsl skowed rates of € 0.0L and C.% mils/month, respectively.

Thermal Conductivity Studies

A sazple cf calzined simulabed IWW Iz a S0 parcez® Pu-40 percent St matrix was
prepared by drawing the moltea alloy irtc the voids in a cy;ind.rica.. bed of the
calcized 1WW. The resuiting composite had a density of 4.4 grams/cc azd a *thermal

conductivity of 2.5 Btu/(kr.-sq.f%. OF/ft.) at 150 C.

124959
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Mireral Reactiors

Labcratory tests indicated that mine-rurn cliroptilolite is somewhat more friable
thar is Decalsc, a commercial alumirosilicate ion exchanger. Screered samples of
these raterials were agitated under water for 48 hours. Clincptilolite containing
weathered surface material produced 4.9 percent fines (<0.25 mm), unweathered
clicoptilolite produced 1.3 percent fires, and Decalsc produced <0.4 percent
fires. Vigorous wasihing cf the cliinoptilolite as the commercial material was
washed might have reduced the apparert degradatior.

Breakthrough curves cbttained for cesium adsorption on 50 g, 23 cm beds of 0.84 -
1.0 mm and 1.2 - l L mm grair size clinoptilolite were relatively flat for flow
rates of 5 gal/fte/min. It was found that the same effect was ottained when the
residence time was increased by either reducing the flow rate or increasing the

size ¢f the bed.

Experizents were repeated to study the influence of irradiation cn the adsorption
of cesium by clinoptilolite. Again, a significarnt daf’er nce was fcund between
those gineral spec‘mens receilving desages of up to 2 x 10Y R and these receiving
Cx10Y to 1l x 10Y R. The adsor ption was studied in temperature—contrclled
equilibrium systems. A%t 25 C no differences in tke distribusicn coefficients for
any ofsthe specimers were evident. Those samples that received gamma doses of

2 X 10 R or less gave coefficjents nearly 20 percernt higker at 55 C than at 25 C.
Those samples receivirng 5 x lq and 1 x 109 R 3id zo% give higher ccefficients at
55 C tkban at 25 C. Thus, at 55 C the distributiocrn ccefficierts for tae mest
Rigkly irradiated specimens were lower than for thcse receiving icwer 3dosages.
These results tend tc irdicate that the temperature effect is irn scme way associated
with the solid phase. It is possible that the higher temperature accentuates ar
effect that is rot large enough *c be disceraible a3t the lower temrperature.

Ar experimernt was completed ir which Purex high-level wasie was paszed thrcugh a

clivcptilolite cclumn ard the cesium later eluted. Cesiur analyses are not yat

co:plete but prelimirary study of the treakthrcugh results indicatsd by moritoring
instrurents gave a2 capaci*y cf abou® 60C cclurn volumes of 20:1 diluted waste

(<n column volumes of actual wasie). Wher the columr was eiuted with 10 M NEhNOQ

near.y all cf ke cesiur was remcved frozm the mineral by tke first twe column

1'C Lmas,

Te combined treatment Ly activated cartcn snd clircrtilolite removed cesium with
& Qaccntamination facicr of abcut 25 a*t tkhe low fiow rate and atout 190 at the
kigt flow rate. Sircatiuvr was remcved with a decontamirnaticn factcr of atcut
3C at the low filow rate ané a-cu* 12 at the high flow rate. The 2r9° -No9> isotores
vere removed with a dscoritsxziration factor of abcut 2 at all ficw rates. The
cesiux resulis ars the reverse cf wha* pormally would be expected. Further tests

47 A

r.st e zade to evaluate tke accuracy azd sigrificance of these rasulis.

Further experiments were performed *tc study +he removal of radioruthenium by beds
cf metal powders. If +he meckarism of removal is icz exckarzge on the oxide film
of the metal the presence cf large concerntrations of compe*ing catione skhould

suppress rutkhernium uptake. T aedons*rate this; 1 M NaKO ions containing
radioruthenium were equilitrated with 1000 ppm powdered ¢ead, -ron, marganese,

zinc, copper; magnesium, and aluminum A small decrease in ruthernium adscrpticn

| 2095qA&L" | >
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over that observed in the case cf low-salt systems was evidant from the powdered
lead experiment. In reacticn with the other metals testsed the resulis were

quite dependent on the initisl pH of the solution. In the case of pH 1l solutions -

iron, manganese, and copper showed lncreased ruthenium removal in the high salt
systems. Accelerated oxidation of iron was evident in the strong electrolyte
systems which may explain the increased ruthenium removal. The results of these
experiments in high sa’t systems are not corclusive but do not eppear typical of

conventional ion exchange reacticzs.

Corndensate Streams

Studlies on the decontaminaticn of Purex Tank Farm condensate in the 271-CR Building
Micro Pilot Plant were continued. During Run 4 the waste was passed downflow
through a bed of activated carbon having a particle size of 0.6 to 2.4 mm, a ted
height of about 36 inches and bed diameter of 1 irch followed by a bed of clinop-
tilolite having a particle size of 1.1 to 1.3 mm, a bed height of abdout 36 inches
ard bed diameter of 1 inch. Temperature of the system remained at 25 C ard pH
varied from 8.3 to 10.5. The TBP concentration in the feed fluciuated from 28 to
55 wg/liter, and was removed by the activated carbor to less than 1 mg/liter.

The cn_y isctopes removed significantly ty the activated carbor were thcse of
troctium. At atout 0.5 gpm/cu.ft. the decorntamiration factor for strontium was
abcut 4.2. As the flow rate was ircreased tc about 2.3 gpm/cu.ft. the decon*amin-

aticr factor was reduced to sbout 1.Z2.

BICLOGI AND MEDICINE - 5C00 PROZRAM

Qrigic of Scl-L5 in Reactor Effluer* Water

SCLS car e produced ir ke reacters Yy a fast reutren reacticn cn 146 or a slow
reusron reﬁcticu or Scltb. ic crder tc Jetermirs which mechazisz was respcrsibl
fcr the Sc™2 observed in the alumirum prccess tubes, a series of sa*p*es of a tube
were taker along its length so that a wide range of ratios cf fgst . slcw reutron
flux wculd e represerted. These sanp‘ﬂs were apaiyzed for Sc L (whick is
fecrmed Ly fa;,hgeutrcn reacticr ozly) szd P2 4 {weich is fermsé tv 5% 50w _peuiren
resctics f. to Fe29 ratics ars relatively ccnstart while Sc™° and McJ “ ratics
vary markedly along :gc Sube indicatirg that a siow neutron reacticr cor Sc 45 is
The source of the Sc™°.

Ramcval of Arsepric by Alum Focec

Iz latoratory tests of +the effeciiveness of alum fices ir rsweving arseric from
river water it was obtserved *hat 98 percert of icnic arseric is incorpecrated irto
the floc at pE values frcx 5.2 4o 7.2 ard alum corcerntraticrs ¢ ULC ppm. A% pE
valuss azcve arnd teiow this rarge the efPfiziency drops sigrificartly. At 1C ppm
alum orly about 80 percent of the arsenic is remcved. Sircce 10 prm is abcut the
cozcentration row used in the prccess water treatment plants, an improvement in
arse:ic remcval apd a corseguin® decrease in AsT? ip reasctor efflusr+ water may
& pogsivle. Further seall scals stulies wiil Te uzdertaken urocn ccmpietlon of
a sma*l rrototype water trestmert plant rnow uxder cozstructicr.

1249593
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Saxrle Concerntreticn Tty Elechiredialysis
=33 _

Iritial tests of eiectrodlalysis as a meafg of concerntrating large volure water
samples showed that about 80 percent of Sro° fromx a 50 liter sample could be

Srangfarred tkrough an icn excharge mexbrane into a cathcde chamber of 1-2 liter
capacity in 24 hours. Further stuiles will be undertaken tc evaluate and improve

this technique for applicatiorn to eavironmsntal samples.

icw Background Carrier for Plutcnium Precipitation

In a study of the effect of choice ¢f carrier for the prazcipitation of plutonium
ir the biocessay procedure it was observed that use cf lanthanum resuited in a
tackgrourd of 17 tracks per week on the nuclear track fiim. Substitution of
Y+ttrdum, holmium, samarium, dysprosium, or praescdymium resulted in 9, 1, 91, 2,
ard 1 tracks, respectively. FPor low background work heimium, dyspresium or
praesodymium would be better thar lanthanum.

Grecurd Waste Investigatiors

The small §" x &" crib experiment was completed ard the soil beneath the sie is
drairizg ir rpreraration for an additicnal fleld experimezt. It is plianzed to
repeat the 2°' x 2' crid experiment wi‘th spazcisl measurexrents of “he lateral spread
of waiter. Tke wells ir the vicircity ¢ the crid were again probed with +he neutron
moisture detecter. Integraticn of the probe data indicated s total moisture cen-
ter$ iz the unsaturatad scil anove the water tatie of 887 gal. This may ts
coxparzd with 985 gal. determirei 2z a similar fashico eerlier iz the experimert.
These resuiitz are consilered %o agrse with the niirats ica “reakthrough which

L

ccecurred after 8CC gailons o soluticn had teer dischargsd 3o the crib.

Scil Chemist>y ard Geccheristry

Equilitrium exgerimezss were performad “c siuiy the effsctz of pE and accrmrpanying

Yo ik o)
itz cn strontlux adsorpticz by scil, Thz scil was pre-tresated vwitk acid *c remcve
caiciwr carbczate, tut care was “aker tc aveild Jesiricticn cf ciey mirerals whick
ccours &% highksr ascld ccresnirations. Exrerimernts were verfermsi as pE L, 2, 5, 7,
9, arcd 11 ari witk accorpanyizg tariur ion iz cemeextrations ¢f C, 1, 12, 100, ard

T ASA - A mmad bl R e B R RN AL gl e ot , SpL 3 > F K
oux ot 2 eg. crivm siritasicrn cceffizizns for sirontium

-t o }_:P:“.a It waz IC PR - DR
was affected Ty the presencz of 1 ppr Tariux= at pE 3 wnils, &% pE S azi abcove,
200 rrm or mors bariunm was required 4o gilve s xeazuratle effect. Ne arpreciable

adsoryticz of sircntiur was oh%alned ir arny sxperimerts corductsl at pY 1.

s . N e Uik R et - e " ——

Eariier exgperizersal a%iezpis to ccmpare the adsorriicn of Ce{iV), Ce{III}, acd Pm
oy Hazford sur-scil irndicatad <hat all three speciss hel cieout the same affiri+y
fcr the =s0il. It is assuxed 428t the ccndiitions ¢ the experiments resulted in the
reductice ¢f Ce(IV) to Ce{III, tc give tke same equilibriur alscrpiicz ir toth
experiments.

ccerizents were performed in which coxidation conditiczs wers maintained By *he

s -
B3

addition of NaBiGz. Iz *tkhese sysitems tke adsorpticn cf cerium was sigrificarntly
greatar than that of prometiium, izdfcating that Ce(IV) is *he species concerned in
%tihzse experiments. Under the conliticns of these experimerts 99 rercent ¢f the
ceriun was adsorted ccmpared witk only 58 percent of the promethium. It was earlier
found <hsed Ce(III) ard Pm reacied in ar esse2rtially identical manner in so0il systems.

| 249544 ) | Ay
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A calcite-Zo*2 replacement reactioz was investligated for <wo reascms: To teat the
thecretical cocnclusior that replacemert reactions are soclubility controlled, and

tc test the practical value of a statistical method of date treatmrent originated

by Yates. The reacticn effectively removes zinc from sclutions containing as
little as 103 M Zo*2. Up to 0.3 M NaNO; did zot affect tke rate of this reaction.
Other variables included cclumn flow ratds of 500 and 5C00 gal/ft2/day, ceicite
surface areas of 0.014 to 0.164 r2/g, izfivert pH of 6.0 ard 8.0, *emperatures of
25 C azd 60 C, and tke addition of 1 mg/l ZnCi-. Kone of the variations of the
system significantly affectad the average 2r65 decontaminatior factor of 1.00. X-ray
diffracticn was used ¢ identify the final product c¢f tke reaction as ZrCO3. Yates'
method was an effective means of ascertaining the relative significance of system

variables.

Geciogy end Hydrology

A suggestion previcusly made atcut movemen®t of ground water at Hanford was again
Presented independently by Dr. Stevensor Buchan, gechydrologist cf the U.K.
Geological Survey during his recent visit. He suggested that ground waters might

be flowing beneatk and parallel to the Columbia River for appreciable distances
before entering the river. This effect elsewhere is important where old river
charnels filled with permeatls gravels lie Yelow present chanrels, but it aiso occurs
vhere permeable beds or geologic formations lie beneath the river Ted. No old
river channels in the tcp of +the Ringcld formation beneath Harford are now krown

to bottom lower than the bed of the present Cclumbia River. Limited icformation
irdicates that the Cclumbia River is actively dowocuitirg its chanrel irnto the
Ringold fcrmation below the chacnels earlier formed. Underfiow ir cld river courses
therefcre is not iikely; however, tke complete picture of %he old charzels is no%

established. '

Jreater in potential is tre underflow through permaakle beds cf the Ringold forma-
“icn. Scme beds of that pert of the fermaticn lying below the Columbdia River have
an exvent and permeability great enough to permit scme underflow up to Wallula Gap,
where tke Ringold fcrmation erds againzt basalt. Scme of these same Rirgold beds
alsc may be transmitticg waste waters to depiks in the Separaticms areas vicirity.
Scre wastz waters taus may be escaping Zetecsicz irn tkis ccxplex ficow path bu* the
relatively low permeatility arnd high exchange capacisy ¢ the cozcerred :e3s prob-
atly prevents the creaticr of undesirable situaticns. Transmittal cf ground ard
wasve waters through permeabie hcrizoms irn the desals series ultimately intc *he
Columbia River is also a potentlal no% ye:t rescived. Wells tc 2 drillad or Prcject
GAH-885, now teginning, will better determine the structure in the Rirngcld formaticu,
tte continuity of the ccncerzed beds, treir perwestili+y and regiforal patterns of
variatices that will Tetier defizs +this prchblem. '

Gecloglc samplaes ot*aired durirg the cersiruction of a well Ty & drive-Tarrsl
*schrique were examired iz the latora*eory. P:hysical azd ckemical charscteristics

o %he samples were ccompared with those cf samrles obtained by converticnal churn
drilling in adjacent wells. In this evaluatiozr the effect of churz drilling was
evidert frcm the largar fraction of fire material preser: in these semples. There
was £o significant difference in the cation exchange capacity of the samples,
however. The two seis of samples were very similar with regard ic calcium carborate
coniznt and pH; even though drilling water was used during ccastructicrn of the well
by churr drilling and was omitted ir the drive barrel precess. is study indicates
that alteration of geologic specimens by drilling would be mcst evident in the
determiration cf permeability or other physicai properties. §§§:
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embraced a particle size range from 0.8 to 30 u, a particle density range from
2.7 to 7.8 g/cm3, a conduit diameter range from O. 51+ to 2.64 cm, and Reynolds'
Numbers from 3,000 to 30,000

A relation was derived relating the length of & horizontal circular duct in which

all particles will settle by gravity and the length within which 50% will settle.
The equation from which the relation was derived takes into account the velocity

gradient across the circular duct.
Manager 6 i

Chemical Research & Development

LP Bupp:cf
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A.

BIOLOGY OPERATION

ORGANTIZATION AND PERSONNEL

No significant changes in organization or personnel occurred during May.

TEGNICAL ACTIVITIES

FISSIONABLE MATSRIALS - 2000 PROGRAM
' BIOLOGICAL MONITORING

Radioiodine Contamination

Concentrations of I131 in the thyroid glands of jack rabbits were slightly lower
than those observed one year ago. Values follow:

nc/g Wet Thyroid Trend

Location Average ' Maximam Factor
L, mi SW Redox 3 x 1074 1x 10‘3h -
Wahluke Slope 2 x 10~4 4 x 107 -2
Prosser Barricade 2 x 1071 3 x 1074 -

Golumbia' River Contamination

Concentrations of gross beta emitters in Columbia River organisms collected
at Hanford were about the same as those observed one year ago. Values follow:

pc/g Wet Weight ‘ Trend
Location Organisms 4verage Maximum Factor
Hant'ord Minnows (entire) 2 x 103 3 x10°3 -
Hanford Juvenile Chinook 2 x 10~3 3 x 1073 -

Salron (entire)

Fallout Contamination

Fission procucts occurred in rabbits from the Hanford Reservation in tae
following amounts: ‘

Total Beta Trend
Sample Type ' Avz. pe/g Wet Material Factor
Feces 3x 10'2 +3
Bone . 9 x 107 6 -2
Liver 7 x 107 -
Muscle | 5 x 10™6 -
UNCLASSIFIED
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Effect of Reactor Effluent on Aquatic Organisms

Young chinook salmon were held in effluent from the 100-KE reactor at concentrations
approximating those which currently exist in the Columbia River, and at higher
concentrations predicted for the future. At the end of seven weeks exposure, no
adverse effect was detected in any of the concentrations tested.

BIOLOGY AND MEDICINE - 6000 PROGRAM

METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERTIALS

PhosEhorus

Exposure of cichlids to aquaria water containing P32 was discontinued after
approximately eight months. Cursory observations did not reveal radiation
damage in the fish, some of which contained more than 0.1 uc P3 /g.

Strontium

None of the yearling trout which have received sr70-Y90 five days a week via
force feeding have yet shown gross signs of radiation damage. The high level
group has now received 0.5 pc/g of fish five days a week for thirteen weeks.
The fish in all lots have approximately doubled their weight during the
course of the experiment.

A surgical technique for providing agastric fistula in trout is being
perfected for future studies of the assimilation of orally administered
isotopes.

Data were being collected on first generation Ephestia (moths) from parents

that were cultured on cornmeal spiked with 1 pc and 3 pc of Sr g per gram of
cornmeal. Upon the bases of this preliminary experiment, an experiment was

initiated to compare the productiviag of populations of Ephestia cultured on
five different concentrations of Sr

The blood picture of the adult miniature swine fed 1.5 or 25 pe of Sr20
daily for over cne year continues to be generally indistinguishable from the

control animals. There is, however, a suggestion of a lowered neutrophil
count in the adult. animals fed 25 pc per day and in their four-month-old.
offspring. (4n X-ray reading protocol for assessment of damage was
established.. All X-rays taken to date of the Sr70 toxicity and comparative
toxicity animals involving about 750 X-ray plates were re-read and evaluated
according to the new coding system. This new method should allow us to
evaluate damage by the use of the IBM process.)

A previous observation that strontium alleviated chlorosis in bean plants was
confimed. Chlorotic symptoms were less pronounced in the present experiment
than previously observed and in this case occurred only when calcium in the
mutrient solution was extremely low (0.05 mM). Thus, in the synthesis of
chlorophyll, strontium can partially replace calcium. '

UNCLASSIFIED
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Jodine

Preliminary observations on the first group of lambs given in vivo or in vitro
1131 1abeled milk indicated that the thyroid uptake was approximately the same
in each sub-group. (The second group of lambs will be initiated in June.)

Cesium

Bean plants grown with varying concentrations of Cs and K and the sum of the
two ions held constant showed only a very slight change in discrimination
factor even though the ratio of the two ions varied widely. The shift in
discrimination factor was in opposite directions in roots as compared with
other plant parts, suggesting that roots are withholding one or the other
ions from transport to the rest of the plant.

The effect of soil moisture on uptake of 05137 and K by bean plants was
studied under conditions of heavy fertilization (including K and Cs{ and with
soil to which no mutrients were added. With heavy fertilization Csi37
uptake was clearly increased when available water was at a minimum compared
to more moist soils. There was little change in uptake of K with different
soil moisture under both conditions of fertilization. The discrimination
factor for Cs was clearly higher with minimal soil moisture, higher both

in leaves and stems.
Flutonium

Adult Habrobracon, parasitic wasps, were fsg upon a saturated sugar solution
spiked™With different concentrations of Pu®>’ supplied as citrate. Longevity
was not affected except among those which fed upon the highest concentrations,
containing 0.1 mc of Pu239 per ml of medium. Plutonium was found in eggs of
females which nhad fed upon the spiked food. Egg procuction and viability

was reduced.

Tattoo;ing, injection procedures, and monitoring techniques are undergoing
final checking prior to initiating the main study on the effects of
intradermal plutonium in pig skin.

Radicactive Particles

Zxamination of the bragle colony revealed a major problem in parasite
infestation. The problem can be partially solved by raising our own pups.
Only the new dog runs provide adequate isolation facilities to control
parasite re-infestation. The older runs will have to be either substantially
modified or replaced.

A study of the acute toxicity of plutonium inhalation was completed. A major
clinical manifestation was reduced lymphocyte count beginning two weeks
after exposure and continuing until death. Death occurred 50 to 100 days
‘after exposure and followed a period of extreme respiratory involvement. In
twelve dogs the lung burden at death varied from about 7 to 50 pc. The mean
radiation dose to lung tissue, assuming uniform distribution of plutonium,
was about 20,000 rads.

UNCLASSIFIED
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Gastrointestinal Radiation Injury

Investigations into the mechanisms of serum protein leakage into the X-irradiated
intestine have shown that in the rat about 1/4 of the I3l labeled polyvinyl-
pyrrolidone (PVP) given intravenously and excreted via the gastrointestinal

tract is excreted into the intestine by the way of the bile duct. This

amount does not appear to be increased by exposure of the gastrointestinal tract
to racdiation and results are not yet completed which should show if bile flow
indirectly affects PVP excretion. Additional results suggest that some PVP

is absorbed from the gut and excreted in the urine.

Screening of the histopathologic changes of about 100 rats surviving acute
irradiation of the intestine by plutonium, yttrium and X-irradiation showed that
5 rats exposed to X-ray developed neoplasms of the small intestine but none

were found in the lower intestine (colon). No obvious changes were found in

the intestine or the kidney which indicated that acute exposure of the

intestine to alpha, beta or X-irradiation accelerated the aging process. The
data are too few to be anything more than suggestive.

Microbiological Studies

Yeast cells deficient in catalase were observed to be more sensitive to H07
fs1lowing irradiation as compared to non-irradiated cells.

Exgerimenps are continuing on the problem of permeability of yeast cells to
K42 and P32 but as yet no generalized results are available. Additional data
are being obtained on the effect of mercury and the degree of binding of
mercury (using Hg203 as a tracer) to the cells. There is, apgarently, a
diffﬁgent affect of mercury binding on the permeability of P32 as compared

to Kie,

4

BIOLOGY OPERATION

1A Kornberg:es

UNCLASSIFIED
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C.

Da

Lectures »

a.
H.

R.

F.

Ha

Ce

apers Presented at Meetings
E. Erdman, "X-rays and the Weakest Link in Habrobracon Ontogeny,"
Radiation Research Society Meeting, May 11, 1960, San Francisco, Calif.

A. Hennacy, "Preliminary observations on the pharmacodynamics and
biological effects of inhaled plutonium oxide in dogs o' Radiation Research
Society Meeting, May 11, 1960, “an Francisco, Calif.

P. Hungate, "Radiation sensitivity studies on respiration deficient yeast,"
(oy R. T. O'Brien), Raciation Research Society Meeting, May 11, 1960,
San Francisco, Calif. »
F. Sullivan, "Plasma protein loss after X-irradiation or nitrogen
administration," Radiation Raesearch Society lMeeting, May 11, 1960,
San Francisco, California.

E. Ballou, "Zffect of combined plutonium and X-irradiation in the rat,"
Raciation Research Society Meeting, May 11, 1960, San Francisco, Calif.

A. George, "Distribution pattern and effects of intradermally injected
plutonium," Radiation Research Society Meeting, May 11, 1960, San Francisco.

0ff-Site Semirars
. A. Kornberg, "The Biology Program at Hanford Atomic Products Operation,"
Seminar on Implications of the Life Sciences to General Zlectric,

May L, 1960, Santa Barbara, California.

W. C. Hanson, "Project Cnariot Ecological Studies," hay 12, 1960,
Civil EZngineering Society group, Kennewick, Wash.

Seminars (3iology)

W, C. Hanscn, "Invironmental Stucies at Froject Caariot," lay 4 1560.

J. 2. Ballou, "Comoined iffeczts of Flutonium and X-irragiaticn," Iviajr Y, 1580,
R. L. Uhler, "Free Space and Ion uUptake," May 18, 1960,

FE. . Schiffman, "A profusion study of the mevement of strontiun

across the gills of rainbow trout," iigy 18, 192C.

Seminars {lccal)

C

None
Publications
a. HOW Publications

b,

None

Open Literature

Foster, R.F., "Radioactive Tracing of the lovement of an Essential Element
through an Acquatic Community with Specific Reference to Rauiophosphorus,”
Pubblicazioni della Stazione Zoologica di Xapoli, Volume 31, Suppl. pp. 34-69.
Pubblicato il 15-XII-1959, UNCLASSIFIED
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT - MAY, 196C

CRGANIZATION AND PERSONNEL

There were no changes in personnel during the mcnth of May.

OPERATIONS ANALYSIS STUDIES

Quality Certification Program

There was no activity in this area during May'other than consultation in connec-
tion with IBM processing of test data.

Fuel Element Faillures

Two appendices were written to be incorporated in a document covering the use

of control ckarts in analyzing rupture data being prepared by Process Technology
personnel. One presented the thecretical basis behind the use ¢f suck charts,
and the other discussed decision rules to be used in analyzing rupture data.

Comments were submitted to Process Technoclogy personnel relative to the disposi-
tion of the remaining fuel elements canred in C-64 aluminum components.

Two reports were wriitten presenting sequential plans for comparing rupture per-
formance of two tyres cf fuel elements. The first report covered the situation
in which reactor conditions were identical for the two metal “ypes, and *he
througkput ratic was constant. Operating characteristic and average sample
nuzber curves were computed for several cases of interest. In the other approack,
provisions weres made for adjusting observed rupture experierce tased cn a var-
iable throughput ra*io and possibly different reactor conditions. The statisti
used in this case is the ratio of times between rupture aljusied for operating
ecrdizicas. '

vptirmizatica ¢f Reactcr Operations

Prelirinary work was done in conzecticn with evaiua*ing the feasibility of pur-
posely skutting down a given reactor when all cthers are operating such that
czarge-discharge and mainterance work can be acscmplished without competing for
manpover from other reacticrs.

Z-Piant Information Study

Work i1s still Deing heid in sbeyance until official bid approval 1s received
from the AEC. Tils is expested during the first par:i of Juns.

Radiation Protection

tatlistical corsultaticn was proviied in connection with tze intersite health
film badge calitration study. Preliminary data were analyzed and tea*tstive
inferences drawr. An anelysis was made cn data from a recent film fading stuly
to compare the characteristics cf Eastman and DuPcnt £ilm with respect ic
fading as & functiorn cf time. The ragults of the asnalysis were interpreted f:or

. iéttj;;srezd lf;rzcasé ‘ n Ecmss,$



h09bhe|

wos  DECUSSIED - =

B

Reliability Studies Lo

Consultaticn was held with a member of the Physics ané Insirument Research an
Development Jperation for the purpose of giving mathematical and provabilissic
expressions for reliability of a contrcl system.

Work begar on the evaiuation and compariscn of the reliabilitles of exlsg-ng
and proposed panellit systems for the NPR.

Work zortinued on the statisticel evaluation of a proposed NPR CM tubz type
fuel runture monitor and oz the reliability and equipment failure study of the
KW reacior.

Th Tesults of a study made to determine the number of ccolant pressure gauges

hich can be bypassed and tripped simultaneously without invalidasing any normal
=c*am sigral have been documented in BEW-65435. A similar investigation is now
in pregress 4o answer the same questions for a proposed medilication of <he
safety circults.

Operating characteristics werse determined for several plans proposed to Sest the
reliatbility of 4tke functioning of the boron ball hoppers.

Zaventory Studies

The method of sampling used in the spare parts z2nd standby inventcries ¢a May 27
was reviswed. Resulis of the lnvensory were used ito estimate the tctal inventory
Surpius or deficit. This represented the first appllcaticn of sampiing *ezinigues

<2 estimate inve:t*r;eo a< JAPO.

Redox Dissolwver Study

Study of %the literature tc obtain dackground information on the reduciion of

aliric acid in mezal s ystems corntinued. This has resulted in the formu’atison of a
mechanism for the dissoluticn of uraniuam In aitric acid which appears guite realis-
ic. Baszd or this mechanism, a mathema+tizal model can be formuiated. ZHcowever,
nere appears 1o he little hope cf itesting the model with the ZCL ccomputsr frogram
gince operating data are not =wrailable for certain 2ritical wvarishles.
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—. taged ypon semi-2mplrical zonsideraticns Is near *ﬂ:p_,-ion.
~1 te tested by the GCL computer program witk currently availakle
ating data. However, in light of the information aow avallable as a
ulﬁ of the above mernticned literaturs study, there is little hope of chilaln-

a geod 1t %o he operating data with this model
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STATISTICAL AND NATEEMATICAL ACTIVITIES FOR OTYER IAPC COMPONENT

Fuels Preparation Depariment

Analyses of *wo sets of stud pulling data were completed. Stud pulling is a
test used *tC measure the dbond sirength of a fuel element. One set of these data
Fertainsd o regular production fuel elements. The fuel elemerts in *he otaer
se% were cazxed ir the piiot plant under varying duplex baih conditions. The
fact =hat <the stud pulling test detected known effects of these dap‘ex variables
on “ond strength gave promise of its usability as a routine measurement tool.

“est vas designesd with the primary purpose of examizing She effects on “ond
streng*h of duplex bath cyvcle times. Other variables of interest will alsc Dbe
considere- in this test.
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Assistance was provided in the design of a test to evaluate the effects on ‘
component wettability of vibrator frequency.

An analysis was made of data from an experiment conducted in the pilot plant
designed to evaluate the pulse spire agitation technique with respect to its
effect on the quality of the spire wall bond.

An evaluation was made of the effects of varying quench conditions on changes
in dimensions after heat treating co-extruded tubes. Since growth indices,
computed from X-ray diffraction data, were found for the test samples, it

was also possible to investigate the correletion between such indices and the

actual dimensional changes.

Assistance was given in connection with the design of a production test to
evaluate the UT-2 attenuation tester with respect to its ability to predict
post-irradiaticn dimensional distortion.

Irradiation Processing Department

Several discussions were held with personnel interested in the results of the
production test concerned with sort measurements (sonic crientation resonance
tester). The data from this test are currently being processed.

An evaluation was made of coal samplihg procedures, including the choice of
cars to be sampled, the system of sampling from the conveyer belts, and the
compositing of the samples.

Corrosion data from the enriched I and E run to rupture test conducted to
evaluate the self-support concept are being used to further develop a2 corrosion
model for I and E fuel elements.

Mathematical assistance is being given on & problem of fuel design. Specif!-
cally, tke probier invclves determining the optimum positioning of fuel
element supports so as to allow maximum warp within a process tube without
interference. Based on limited knowledge of the warp characteristics of fuel
elements, several mathematical models have been proposed and are presently
under investiga+ion.

Chexical Processing Depariment

Sfurther work was dcne in connection with establishing par< Ty par: azceptance
c¢riteria for tke final product. Two-sided tests are currently being developed.

Consideratior was giver the problem of determining the size c¢f an in-line
storage faciiity required for a proposed ccatinuous slag and crucitle
dissolver. If the required size is rot too large, such a facility would
eliminate the necessity of removing material from line to vault storage except
in vnusual cases.

Analiytical expressions which can be used to compute the flux resulting from
specific irregularly-shaped geometric sources are being developed. Excep+
for special cases which are characterized ty their symmetry of locatior,
general answers must await the tabulation of several new transcendents.

S L2 qh 05
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Contract ané Accounting Operation

Two reports were written in connection with the Electronic Data Processing
Operation stuly. One deali with the FORTRAN-Monitor custcmer service eval-
uation, and the other was concerned witk scheduling routine T0S applications,
specifically, how much cushion shou’d be associated with given appiications
or series of appiications such that work could be completed on schedule with

reascrable probability. o

Construction Engineering & Utilities

Current date on fair ccst estimates for HAPO projects were reviewed. Ccm-
parisons are being made of actual median and low bids with fair cost
estimates and predicted low bids.

STATISTICAL AND MATEEMATICAL ACTIVITIES WITHIN HLO

2000 Prograrn

Reactcr Xinetics

Sclutions to the reacior kinetic differential equation under varisus
assumpticns on three parameters izvolved were obtained by analog methods.
In particular ~ases +hey exhiited characteristics incompatiie witk that
rredicied bty theory for differential equations which possegz pericdic
coefficlen*s. As a check, i* was decided o cb*ain the same soiutions
by numerizal methods or digital equipzent. Several trial solutioas were
band coxzputed tc gain insight on methodclogy, convergence rates, and erxe
conersi. An IBM- T09 ecmputer program has been orlered from SREARE which
should be =asily modified to tke study cof the present prcblem.

Separaticns Develcpment

A rough iralt summary of resulis frcm the aralysis cf arn experiment o
determine the reducticzn of semsitiviiy erising frox installing a radiation
568l Detwes=n the pan and team of 2 team balsnce was iszgued., The final
craft of the repcr’ awaits the compleiion of an exhaustive calitrasicn
program for the beam belance and the analysis of rezulting dala.

-
-

el Eleren® Meesursment P*ﬂg*am

Discussicns have Teen held wi*h interested pe*snnne’ coacerning anasysis
of 3irip ckart data from a scntinusus fuel element measuring devize to ke
used ¢ expllcitly &eac*’b° the extericr gescmetry cof XPR proiosyre fuel
elexen®sz prior tc tkeir irradistion. Earmonic analysis ‘tschuiguss have
teen sugzesied for summarizing the strip chart data. Statistical analysis
3acull provide detsiled Cescripition of the extarior gecmetry of the fuel
iement iaeluding 2iameter as a function of axizl position measured foor
cne eni of tha element; ovalidity, a measure of the noncirczualarity of =
2rzssa sesiior as a function of axial position; +the distortion in the cen-
tra’ axis; and the emcotkness of +the exterior surface. These sgtatistical
technigues ars b-;ng reduced to computer operaticns.

1249b0b - ‘
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irradia ion diameter and length measurements of .clustered fuel elements.
These analyses investigated the variaticon of diameter measurements at
different positions and orientations on the fuel element surface and cal-
cusated precision statements for the estimates of the change in voliume due
to irradiation.

Pulge Column Test Facilities Study

The evaluation of the precision and accuracy of a device for electrically
sizing “he crgenic phase without intérruption of the column operatica is
currently being considered. Appropriate mathematical formulas for estima
ing the surface to volume ratio ¢f the organic phase have been developed,
and their precisionsuusing: sampleidhate’are:being estimated.

40C0 Program

Plutonium Recycle

Statistical evaluation was completed of the estimated precision of thke pre-
posed heavy water volume calibration program prior +o PRTR start-up.
Recommendaticns were made concerning improvement in +he precision as a
function of the instrumentaiion and the number of repeat calibrations.

Discussions were continued in connection with the use of statistical methods
for devermining the maxinum of a function defired over & muisi-4i e'sicn U
space. The program will be used with HLO's Meleage* physizs czde 40 opiizize
plutcnium reactor fuel as a function of initial plutconium isosopic
composition.

Swe_ling Studlles’

Arnalyeis was completad cn the precision of uranium 3snsity determinatl
for differert meila and szample sises.

A;p“" fiC“ of the ge“c"a. <hecretizal meodel %o *he z+udy of misrograrhs
of plastic alls in s scouchcas*" medium is beirg zcniinuad.

Waste Diarpzsal

Work was tegua on a prcblex involving ik e numerizal soclution of a pariial
2ifferential eguation associated wish f£luid flow +hrough pcrous medla

500C Pregram

tmespheric Diffusion Studies

tatistical consuitation ccntinued in comnection with the callbration of
zinc sullile perticle de%actors to Le used to analyze the sample filiers
uged in last summer's diffusion and depcsition study.

Biolch and Medicine

Mok ccatizued on stat tical analysis of data from an experiment involving
a8 chajilenge i>se of “adia ion applied to pre-irradiates;, and norppre-irraliatel

mice.
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Work coat’nuei on a statistical method for cczsiruzting Joint confildence
region estimates for the peak heightis of multipis peax gaxma energy specira.

Data from several aspectra of 4we moncenergetic 1soicpes are heing usel *c

sheck the eatimation methcd. The ischnigue will te of ilmmediase value %0
those responsitle for the initiation cf the stuldy. A generallization of this

W as  we Gete

metkod skould bYe of value o gamms analyser users throughout the laboratery.
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PROGRAMMING OPERATION
MAY 1960

A. REACTOR DEVELOPMENT - 4000 PROGRAM

1.

PLUTONIUM RECYCLE REACTOR

Cycle Analysis

Computer Code Development. The method of handling the decay of Pu-2i41
in fuel cycle codes was the subject of a number of computational exper-
iments. Three methods of increasing complexity were tried.

a. No decay: This method assumes that the decay of Pu-241 is
a negligible quantity.

b. Radioactive decay with no further treatment: This method
assumes that the loss of the high cross section
Pu-241 is by far the main factor.

¢. Radioactive decay coupled with a full treatment of the
resultant isotopes.

Results of experiments show that the difference between methods b.

and c. is slight, about 4 milli K, aud is constant for all exposures.
The non-decay cases (method a.) differ significantly from the others
by a factor which is proportional to exposure with a mismatch of about
40 milli K at an exposure of 20,000 MWD/T.

The Meleager A2 code was further improved; it will now provide an
assigned initial reactivity by:

a. Change in the concentration of a single isotope,

b. Change in the concentration of two or more isotopes at fixed
concentration ratios to each other, or

c. Change in the concentration of a poison added to decrease initial
reactivity. :

The rough draft report describing the Meleager code was completed and
is undergoing final revisions.

A portion of the new LOLA optimization code has been successfully
programmed. A set of sixteen data points as input gave answers (Yates,
first-order analysis) which checked hand calculationms.

The.entire RBU input code has been coded and checked except for a few
short service routines, and is ready for debugging. Several minor
revisions were made in the Monte Carlo and running time and rate of
convergence were studied for the problem now being used for testing

UNCLASSIFIED
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purposes. Running time appears to be about the same as the GMC Monte
Carlo code, although a direct comparison has not been made.

A completed PUCK code deck is being used to examine the significance
of important economic factors on plutonium value. These analyses need
be made on only three reactor types to span the significant range. In
the meantime another version of the PUCK code is being prepared to up-
date the physics logic and cross section library. The PUCK physics
section (GPR) and Meleager burn-up codes will then have similar logic
but the GPR code is still limited to U-235 enriched once-through or
self-sustaining plutonium recycle operation.

FRTR Startup

A plan was developed for combining ATP's (Acceptance Test Procedures),
Design Tests, and Critical Tests to achieve PRTR criticality at the
earliest practical date. Requirements for testing the primary system
with light water prior to charging D0 were examined in detail. Other
startup action included review of Process Specifications and analysis
of individual tests in the Power Test phase of startup.

Other Activities

Assistance was rendered in planning and scheduling for PRCF startup
and experimentation. Plutonium Metallurgy and Ceramic Fuels Develop-
ment were informed of the number and kinds of fuel elements needed
for PRCF startup. No problems are foreseen in obtaining the required

fuel elements.

The possibility of obtaining reactivity data from MIR irradiaticns of
selected HAPO fuel specimens using the MTR - Reactivity Measuring Facil-
ity was studied and appears to be promising.

Several properties of matter which exhibit isotope effects were studied
with intent to identify any isotope separation methods which might be
especially applicable to plutonium isotopes; a low cost method to
eliminate Pu-242 from mixtures of plutonium isotopes would be of great
potential value. Absorption of neutrons, a phenomenon highly specific
for individual isotopes, was considered as a means of generating either
an excited species capable of undergoing high activation energy chemical
reactions, or (e.g., by n, & reaction) a different chemical species
capable of easy separaticn from the remeining unaffected isotopes.

While this approach is possibly technically feasible, the high cost

of neutrons and the difficulty of obtaining ample fluxes of monoenergetic
neutrons indicate that the method is probably impractical. Electro-
migration under unusual conditions was given some consideration and
will be further examined. Photo- and other radiative excitation methods
to promote chemical reaction in specific isotopes were examined briefly
without success. ,

1249b )0 UNCLASSIFIED
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The first low exposure plutonium bearing fuel rods to be irradiated

in the Savanneh River reactors for the production of high exposure
plutonium for Plutonium Recycle Program use were charged on May 16.
The aveilability of a few kilograms of desirable Canadian material
for our use has been confirmed. The early recovery of such materials
would be very beneficial to physics studies. Uncertainties relating
to the actual site for chemical processing of any of the high exposure
materials does not permit firm resolution of scheduling problems.

A special study was undertaken to determine the degree to which FRP
chemical reprocessing expense could be reduced via shortened dissolver
cycle times using less concentrated nitric acid if the nickel content

of Pu-Al spikes were increased and the silicon content decreased. Such
a new alloy may show adequate corrosion resistance aml yet reduce foaming
tendencies of nitric acid solutions of Pu-Al alloys containing substan-

tial silicon.

2. SPECIFIC FUEL CYCLE ANALYSIS

Additional computational experiments covering plutonium enriched fuel cycles
in the Advanced Pressurized Water Reactor study were completed. Plutonium
discharged from & 3 per cent enriched uranium cycle was combined with
depleted uranium to form the fuel charge (at enrichments of 2.5, 3.0,
and 4.0 per cent fissile) for the next cycle. The following cycle used
discharged plutonium from these three cases combined with depieted uranium
to form nine new cases at enrichments of 2.5, 3.0, and 4.0 per cent fissile.
. Finally, the discharged plutonium from the nine cases was combined with :
depleted uranium to form the fuel charge for twenty-seven newv cases.

Considerable effort was expended in attempting to determine the effect on
exposure of the individual plutonium isotopes in the Advanced Pressurized
Water Reactor plutonium fuel cycle study. Although the study is not yet
completed, the following trends appear consistent for the conditions
studied.

a. The addition of either Pu-239 or Pu-241 results in about the
same increase in exposure based on a reactivity limitation.
The addition of either appears to have slightly greater effec*
at lower total enrichment.

b. Pu-240 appears to have little, if any, effect on the attainable
MWD/T in this reactor based on a reactivity limit. It should be
noted that this conclusion may change if one couples in such
effects as changes in reactivity or heat generations over the

course of the cycle.

c. DPu-242 additions consistently result in lowered exposure. The
shorter exposure effected by a given amount of Pu-242 is on the
order of 1/4 to 1/2 of the increase in exposure produced by a
like amount of Pu-239 or Pu-241.

12496 1| UNCLASSIFIED
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Successful development of this data will greatly simplify obtaining convergence
of the associated economic amalysis.

Programming of the Fuel Value Eccnomics Code continued during the month and,
except for small, graded discharge portions, it is close to the final debug
staege. Preliminary debugging of the Fabricating amd Jacketing sub-code has
already been made.

The month's activities included (1) presentation to J. M. Vallance ; Washington,
AEC-DRD, on the code's general composition and purpose, (2) fuel cycle
economics discussions with APED personnel at San Jose, and (3) fairly exten-
sive revisions to the code's working capital cost logic resulting from Use
Charge and Nuclear Material Depletion payment information obtalned in dis-

cussions with Commission personnel.

Barring unforeseen difficulties, the code should be ready for simple batch
discharge applications in June and for more sophisticdted and varied appli-
cations in July. However, for rapid use, a communications routine and other

refinements will be necessary.

Four of the eight major sections of the LOLA code were written and are being
debugged at this time. These sections are:

(1) The first order surface fit preparation. This, the first link
of the monitorized Fortran code, has been partially debugged and
is being used. The link is completely general and is not tied to
any particular experimental medium. '

(2) The Meleager A compatibility packages. These two sub-routines
link Meleager to the LOLA code, one at the front of the Meleager
and one to extract and transmit informstion to the next link of

LOLA.

(3) The Yate's Analysis. This section makes the analysis of informa-
tion obtained from the second Meleager compatibility package.
The first-crder surface fit is herein constructed.

(4) The Path of Steepest Ascent. The information of the Yates
Apnalysis 1s used to calculate the current "Best Path to an
Optimum". It also contains several error subroutines.

The second order fit and analysis plus error sub-routines are not yet
coded.

The preliminary report on LOLA is 60 per cent complete in rough draft
form. -
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B. BIOLOGY AND MEDICINE - 6000 PROGRAM
1. RADIOLOGICAL CONSULTATION
A presentation was prepared and delivered at the hearings by the Subcommittee
on Radiation of the Joint Committee on Atomic Energy.
Consultation was rendered concerning the Washington State Advisory Council
on Atomic Energy, the metabolism of internal emitters, medical services in
nuclear plants, environmental monitoring, and site selection. Proposed
material for inclusion in a revision of "The Effects of Nuclear Weapons"
was prepared and submitted to the Commission.
C. OTHER ACTIVITIES
Professor C. P. Costello from the University of Washington delivered a
seminar on the effects of artificiasl gravitational fields on heat transfer
coefficients in boiling systems.
Final arrangements were made for a University of Washington graduate student
to perform his thesis research at the Hanford lLaboratories.
Assiétance was rendered in arranging 14 tours (involving 493 people) through
HLO and HAPO facllities.
AN
Manager
PRCGRAMMING
LH McEwen:dl
UNCLASSIFIED
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RADIATION PROTECTION OPERATION
MONTHLY REPORT -- MAY 1960

A. ORGANIZATION AND PERSONNEL

Three exempt employees were reassigned within Radiation Protection Operation to
ovide broadened experience. These reassigrments, effective May 1, 1960, were

R. W. Meisinger from Manager, Calibrations to Specialist, Radiological Defense;

V. M. Milligan from Specialist, Radiation Monitoring to Manager, Calibrations; and

B. G. Lindberg from Specialist, Radiological Defense to Specialist, Radiation

Mon‘toring.

J. D. Forsythe transferred from Exposure Ewaluation and Records to CPD on May 2,
1960. Emily H. Szymanski was react ivated and D. L. Silver was added to the rolls
of the EE & RO on May 2, 1960. . E. Iudlow was reactivated from military leave
on May 31, 1960. D. W. Constable Technical Graduate, ended his three-month
rotation in RPO on May 31, 1960.

B. ACTIVITIES

There were two cases of plutonium deposition confirmed during May. The total
number of deposition cases that have occurred at HAPO is 256 of which 187 are
currently employed. One of the conflrmed deposition cases was discovered by the
routine sampling program; the other was detected following & known exposure
incident resulting from a fire and the spread of plutonium air contamination.
Both depositicn cases appear to involve less than 10 per cent of the meximum
permissible body burden. There were 44 radiation incidents reported to EE & RO
during May. None of these resulted in exposures exceeding operational controls.
Nine requests for exposure summaries on former HAPO employees were received and
ccmpleted.

A total of 103 persons were counted at the Whole Bedy Couznter. During 1960, 513
persons hawe been counted at the WBC. Studies to determine accumulation of radio-
activity in the hair are now in progress. Preliminasry resulte indicate that
shampooing before a whole body count may actually incresse the radicactiviity

in the hair. This is largely attributed to the radiocasctivity found in the

water,

Attempts to detect uranium in a person having,a high and 2onstant bhiocasssy
count were not successful. Four cases of Na€* occurrence in the body were dis-
covered through the routine counting program. Investigations reveal “that these
employees had been working in the reactor rear face aress shorily after shut-
dowr.

A meximum dose rete of 20 rais/hr and a hani dose reie of & rads/hr were observed
during the spiking of feed capsules with Sr90 ecr trout experiments. Leakage

from e tank containing 150 liters of 8 gma/ iter plutonium-nitrate solution

caused equipment contamination to 80,000 d/m sné hand contaminstion to 30,000

é/m on one employee at the Physical Constants Test Peactor. Air samples collected
at the work location and nasal smears from the employee involved were below
detection limits. Prompt decontamination action was successful. Floor contamina-
tion to 100,000 d/m in Rooms 208 and 210 of the 308 Building originated from an

UNCLASSIFIED
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unmarked box containing several rolls of masking tape and miscellaneous
equipment which had been received fram the 231-Z Building. Prompt discovery
and decontamination prevented any personnel contamination.

A bucket of perfs was lifted fram the 105-KW basin and after an estimated
15-20 seconds, it was discovered that an irradlated slug was in the bucket.
The radiation alarm system was.not working at the time. Film badge results
for the employee directly involved indicated doses between 200-300 mr.

Personnel from RPO components participated in the 1960 Operational Alert Exercise
held on May 3, 4, and 5. The exercise for Hanford was conducted at the Mobile
Emergency Relocation Center. A more realistic practice was conducted this

year through the use of fragmentary information obtalned intermittently throughout
the exercise period from the normal communication channels. The-events directly
affecting the Hanford operations were: a two megaton burst 10 miles NNW of
Richland causing fallout levels in the separations and reactor areas that pre-
vented personnel entry for several days, a flood from the destruction of Grand
Coulee Dam rendered reactor water supply systems inoperable and destroyed elec-
trical service and telephone lines; and a bomb burst at Spokane destroyed tele-
phone and teletype trunk lines, thereby isolating HAPO fram communication with

other parts of the nation.

A set of working limits was established for the discharge of the liquid radio-
active waste to the river from the, PRTR installation. Mandatory shutdown of the
reactor was recommended at S5 x 1074 uc B/cc of water at the poin: of measurement.
Further recommendations include improvement of steam monitoring equipment by-
passing the shielded coolant water and a review of the analytical program.

A number of ionization-type finger ring dosimeters were readied for limitec
field test. Energy dependency studies showed that fcr energias below 300 Kev
correction factors will have to be applied to attain good dose estimates. The
gamna ray spectrum from plutonium has been arbitrarily diviZed intc four energy
groups and the finger ring response has been determined for each of %these energy
groups. These calculations have been corrected for the energy spectrum dis-
tortion resulting from the shielding properties of hocd gloves composed of neo-
prene and with zinc cr lead coatings. Studies of the shielding properties of
these materials at the gamma ray energies of interest have been zcmpleted and
the necessary information has been incorporated into the calibration curves
that are required to interpret ionization-type finger ring results.

Hanford Drawing SK-3-948L entitled, "Personnel Dosimeter Model III" was campleted

by Drafting. The basic characteristics of this badge dosimeter were menticned

in the April repcrt. The actual selection of the abscrbers or shields to te

used in this new dcsimeter was iInvestigated btoth theoretically and experimentally.

No ideal combination of absorbers has yet been found which will exhitit character-

istics required for precise discrimination of low-energy gamma radiation and beta

radiation. Experiments are continuing in this phase of the Gcsimeter &Gevelop-

ment program and although a soluticnto this discrimination problem has not been
foand, enccuraging results have been cbserved.

'Firal billing for the Oak Ridge Criticality Dosimeters (Hurst Dosimeters) was

$70,402.50. The initial quoved cost for the 90 devices.purchased for Hanford
use was $39,150. The use cf & moreeconamically practical syster similar tc the
Savannah River criticality neutron detection devices 1s being studied and

evaluated,
UNCLASSTIFIED
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The Columbia River Monitoring Station has operated throughout the month om a
test basis. The alarm system has been redesigned and in Iits present form will
essentially duplicate fall-safe fire alarm systems. :

The Specialist, Radiation Protection, attended the two weeks of public hearings
on Radlation Protection Standards - Their Basis and Use, helé in Washington, D. C.
by the Joint Committee on Atomic Energy. Some of the material for the HAPO.
participaticn at the hearings was prepared. Consulting service wes providel
Hanford participants.

C. EMPLOYEE RELATIONS

Three suggestions were received thls month. A total of six suggestions were
evaluated during the month. There were no outstanding suggestions at the end
of the month. No awards were received by RPO personnel.

There were two medical treatment injuries during the month for a frequency of
0.92. No security violations occurred during May.

Radiation protection training included: one information meeting on contarination
control and Controlled Injury Zome procedures to 308 Builling craftsmen, one
injdoctrination lecture to new employees, one lecture on PRTR operation to RPO
personnel; and a report to the RPO exempt force on the events of Operstional
Alert 1960.

L. G. Faust and L. C. Rouse attendesd the Emergency Radist? ion Mcniusring Team
Training Exercise at the Nevada Test Site for one week.

D. SIGNIFICANT REPORTS

AW-34154 “Ana1ysis of Radiclogical Date for the Month of April, 1960" by
R. L. Junkirs. .

qW-65L41 "Monthly Report - May 1960, Radiation Monitcring Operation” by
A, J. Stevens.

HW-41375 "Radiocactive Contaminstion in Liquid Waste Discharge? +o Grouné at
the Separations Facilities Through December, 1959" ty M. W. MzConiga.

HW-55343 '"Backscatter Effects Influehcing Calibration of BF, Tutes" by
¥, H. Sanders. 4

1248b1b | mozsss



UNCLASSIFIED

G-4

HW-65455

ENVIRONMENTAL MONITORING - RESULTS - (Mid-April 1960 - Mid-May 1960)

Sgg;le Type and Location

Drinkingiwater

100-F Area
Separations Areas
Pasco

Kennewick
Richland

Columbia River Water

Above 100-RB Ares
100~F Area

Hanford

Pasco

McNary Dam

Vencouver, Washington

Atmosphere

I131 Separations Areas

1131 separations Stacks
Active Particles - Project
Active Particles - Environs

Activity Monthly

Type Average
Isotopic 0.5
Gross Beta 1.1 x 1077
Isotopic < 4.8
Isotopic < 0.8
Gross Bete < 3.0 x 1078
Gross Beta T.0 x e
Isotopic 2.2
Isctopic 3.9
Isotopic 16 6
Gross Beta 1.8 x 10°
Isotopic 0.5
7131 1.3 x 10713
1131 0.6

-- O.k

- 0.1

Vegetation (Control limit for vegetation is lO'S'pC 1131/3)

Separations Areas

Residential

Eastern Washington and
Oregnon

Fission Products less
1131 - Wash. and Ore.

#The % MPC

7131 1.5 x 10‘2
1131 < 1.5 x 10°
i3t < 1.5 x 10-5
Germma,

Emitters < 1.0 x 1077

Units

% MPCor*
uc/ce

% MPCGI::
% MPCqy
uc/ce

uc/ce

2 ﬁggax
Z MPCGI**
uc/cc

% MPCor**

uc/cc

Combined curies,
ptle/100 m3
ptl°/lOO w3

ue/gm
ue/ g

ue/gm

uc/gm

is the percent of the maximum permissible limit for occupaﬁional

exposure %o the gastrointestinal tract calculated from drinking water limits

contained in NBS Handbook 69.

*#The % MPCyr is the percent of the maximum permissible concentrations for

persons in the neighborhcod of controlled areas for continuous

eiposure to

the gastrointestinal tract calculated from drinking water limits ccntained

in NBS Handbook 69.

#¥¥This location is now sampled quarterly.

1249611
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EXPOSURE EVALUATION AND RECOFRDS

Exposure Incidents above Permissible Limits
Whole Boldy Localized

May : 0 0
1960 to Date 1 3
Gamma Pencils _

Pencils Paired Reedings Paired Readirgs Lost

Processed 100-280 mr Over 280 mr Readings
May 15,2548 152 _ 1 0
1960 to Date 89,288 1,120 17 7
Beta-Gamma Film 8 _
Badges Readings Readings Readings Lost Average Zose

Processed 100-300 mrads 300-500 mrads Over S00C mrads eadi_ng Per Film Packe*
mradlow) mris,

May 11,086 752 56 29 g2 7.5 13.5¢
1960 to
Date 58,613 4,607 885 220 - 212 10.61 18.7¢

Neutron Film Badges

Film Readirgs Readings Reading=s . Lost
Processed 350-100 mrem 100-300 mrem Over 300 mrem Readings
Siow Neutron :
May 1,287 0 0 0 9
1960 tc Date 5,561 1 0 0 25
Fgat Neutron
May , 10k 14 0 . 0 9
196C to Date ols 1 25 0 20
Bioassay ' Mey 1960 tc Jate
Plutonium: Samples Assayed 8 ' 132 2,610
Results sbove 2.2 x 10° ¢/sample 1 198
Fission Produsts: Samples Assayel 728 2,50k
Results above 3.1 x 1072 pc FP/sample O 3
Urarium: Sazples isasayed Zub 1,569
Coxzfirmed Plutonium Deposition Cazas 2 2%
Wnole Boldy Counter
, . Male Female Mey 1962 t- Cste
& Emp‘_::,'eﬁs :
Routine 9€ L. 100 k79
Special 1 o) 1 13
Terminal o] 0 0 1
Nozemplcyees 2 ) 2 -
Pre-exployzent o] 0 0 4
Total 99 L 103 S1:

1249518 UNCLASSIFIED
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Uranium Analyses

Sample Descr_igtion

Fuels Preparation
fzels Preparation*
Hanford laboratories
Hanford laboratories*
Chemical Processing -
Chemical Processing*
Special Incidents -
Randcom

G-6 HW-65459
Following osure Following Period 81’ No Exposure
Units of 1077 uc U/ecc Units of 10°7 pc Ulce
Number Number
Maximum Average Samples Maximm Average Samples
771 17 65 54 5.4 48
15 15 2 0 C 0
618 30 30 22 4.9 32
116 L1 .3 0 0 0
82 7.8 7 49 k.3 69
37 11 9 2.9 1.8 4
o 0 0 0. 0 0
1.6 0.9 5 0 0 0

* Semples taken prior to and after a specific job during work week.

oid Checks
Checks Taken

Checks above Detection Limit

3
* Includes a total of 132 counts made prior to May 1960 which were

not reported previously.

Hand Checks
Checks Taken - Alpha

- Beta-gamna

Skin Contamination
Plutonium

Pission Products
Trarium

CAZ_ERATTONS

Porteblie Tnstmments
CP Meter
Jurc
M
Cther
Total

Persomnel Metars
Belge Film
Pencils
ther
Total

Miscelleneous Special Services
Tctgl Number of Calikrations

AR Keene:DMU:ke

May 1960 to Date
19 151%
3-

30,717 159,063
43,522 226,340
25 115

46 212

b 2k

Number of Units Calibrated

May 1860 to Tate
90k k,513
321 1,513
767 3,870
18 : 1

2,17k 10,813
1,252 6,502
- 1,912

L8 2,04

l’vm 10,-5"3
317 1,987

L,1 151 2;26‘::

2or the
Manager

Radiation Protection
UNCLASSIFIED
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LABORATORY AUXILIARIES OPERATION
MONTHLY REPORT - MAY, 1960

GENERAL

Security performance for the Operation was satisfactory with no violations
during the month. )

Safety performance of the Operation was considered satisfactory. There
were no major injuries; the minor injury fregquency rate was 3.72 which is
considered about average experience.

TECENICAL SHOPS OPERATION

Total productive time for the period was 21, 954 hours. This includes
14,461 hours performed in the Technical Shops, 2,64l hours assigned to
Minor Construction, 562 hours assigned to other project shops, and 4,287
hours assigned to off-site vendors. Total shop backlog is 23,149 hours of
which 75% is required in the current month with the remainder distributed
over a 3-month period. Overtime hours worked during the month was T7.9%
(1,415 hours) of the total available hours.

Distribution of time was as follows:
Man-hours % of Total

Fuels Preparation Department 2,109 9.6
Irradiation Processing Department 731 3.3
Chemical Processing Department 1,075 k.9
Henford Laboratories Operation 17,662 80.5
Construction Engineering & Utilities 12 .1
Miscellaneous 365 1.6

Requests for emergency service increased to a level which required an
overtime rate of 7.9%. Total backlog increased approximately 3%, but
the short-range nature of the work required the subcontracting of 7,493
man-hours to other project and off-site shops.

One additional machinist has been requested to report for work on June 20.
Screening of candidates for two additional Journeyman Machinist positions
has been completed and two men from Pueblo, Colorado have been requested
to report by July 15, 1960. A Stock and Tool Attendant position is still
open with on-site candidates being considered. '

Purchase orders were placed for several major pieces of new shop equipment
with delivery of all but one piece expected by July 1, 1960.

UNCLASSIF IED
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RADIOGRAPHIC TESTING OPERATION

A total of 3,337 tests were made of which 1,044 were radiographic
(including x-ray and gamma-ray) and 2,293 were supplementary tests.

Out of a total of 2,553 man-hours, 783 (30.6%) were in connectior with
radiographic tests, and 1,770 (69.4%) were used on supplementary tests.
The supplementary test work included: autoclave; borescope; eddy current;
leak testing; penetrant (fluorescent O0.D. and I.D.); surface treatment
(alkaline cleaning, pickling, and vapor blasting); and ultrasonic {flaw
detection, core integrity, bond testing, and thickness measurement).

The number of pieces handled this month totaled 2,983 items. The feet
of material represented by these items amounted to 42,493 feet. Work on
tubular components continued to account for the large percentage of the
footage of material tested.

Work was done for 20 different organizational components representing
most of the operating departments and service organizations. A total of
35 reports were issued detailing test findings with conclusicns and re-
commended action. Radiographic Testing Operation was consulted on 35
different occasions for advice and information on general testing theory
and gpplications for other than the Jobs tabulated in Part II - Testing

Statistizs.

Considerable progress is being made in the equipment and building mcdi-
fications at C-25 Building, White Bluffs, but the construsztion schedules
are nct being maintained. The building siding has been compietely in-
stalled. Also completed is the sprinkling system in the process and
office areas. Installation of the autoclaves is still progressing; the
facility is still not at a point where it can be tested. Modifization
of the pickling facility has been started. The deionized cold water
rinse and storage tank has been enlarged and is approximately 80%
complete. Pipe and pump modifications are in the design stage. The
material handling facilities are progressing rapidly; the unioading and
loading stations have been completed, both at *the railroad siding and
at the receiving end of the building, and at the shipping end; the monorail
installation in the ncrth end of the building has been s%tarted.

Productive testing has been sharply curtailed bezause of the lazk of +ubes
to be tested and because of the construction activity which has required
shut down of certain equipment items. 1In +he interim, use is bYeing made
of the available time for testing equipment alignment and for training of
testing personnel.

Field work is proceeding routinely. The pressure vessel survey inwvclving
ultrasonic thickness measurements in the 100-F Area has been zompleted.
Work is being carried on, on a continuing basis, for the Biology Cperation
at the 100-F Area animsl farm involvirg swine and strontium Sr-90 pick-up.
Fleld operation activity will be augmented by the construction c¢f an x-ray
exposure room in the southeast corner of the C-25 Building. Concrete walls
will be poured {0 provide adequate shielding for protection of personnel
and permit x-ray werk to be carried on during the day shift.

1249b21
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300 Area work continues at a high level. The number of finished TPU rods
tested was increased by 32%. The current TPU order has been extended
through September 1960 and will involve additional testing., Febrication
of a new ultrasonic tank for TPU rods will be completed June 1, 1960, and
installed in the 308 Building. Modifications to the fluorescent penetrant
station in the 314 Building is in progress with insiallation of a new wash
tank and tube drain rack. The sheath tube borescope stand has been moved
from White Bluffs and placed in 314 Building. Complete fluorescent penetrant
work can now be done in this facility. Installation of equipment in the
306-A Building is about 50% complete. Availability of the x-ray exposure
room would be of considersble benefit in meeting present commitments.

Testing Statistics

No.of Ft. of Weld ©No. of
Component  Tests or Material Pieces Description

CE&U 250 127 179 Film interpretation of radiographs
PRTR site; Radiogrzph weld on
qualification coupon; Radiogrzph
cast section of fbur pressure con-

trol valves.

CPD 60 AT 39 Radiograph welds on vapcr line
tower; Radiogroph welds on H-L
vessel.

HLO 2272 3L,148 2236 Aiumimm pot with T.C.; .505" I.D.,

s.5 tubes; Zr-2 clad Wz fuel rods;
s.s sheathed thermocouples; NaX
capsules; .680" I.D., zr-i4 tubes;
Unmechined TPU fuel rods; Pu *est
samples; Radiograph Palm fabri-
cation; Has%aloy and Inconel
tubing; .582" I.D. s.s. tubes;
Fluorescent penetrant test -
Hastaloy 90° ells; TPU fuel rcds;
Perform ultrasonic *thickness
measurements of pressure vessels
and hi-tanks in 100-F; PRTR tubec.

IPD Th5 8,151 528 Radiograpn weld qualification
coupons; Cleaning; Perform helium
leak tests in 110 receiving
station and in 105 Building;
Immerscope cf 57' zire tubes.

Total 3337 42,493 2982

UNCLASSIFIED
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CONSTRUCTION OPERATION

There were 49 existing J. A. Jones Company orders at the beginning of the
month with a total unexpended balance of $153,431. Forty-three new
orders, U supplements and adjustments for underruns amounted to $123,039.
Expenditures during the month on HIO work were $126,310. Tctal J. A.
Jones backlog at month's end was $150,160.

Summary
HL CE&U
Unexpended Unexpended
No. Balance No. Balance
Orders outstanding beginning of month 45 $ 1h1,277 4 $ 12,154
Issued during the month (Inc.Sup. & Adj.) 43 120,039 0 3,000
J. A. Jones Expenditures during month
(Inc. C.0. Costs) 122,219 4,001
Belance at month's end 50 130,097 3 11,063
Orders closed during month 38 82,912% 1 4, 505%

¥* Face Value of Orders Closed

Project CG-7hl - 306 Building Addition

All 17 major pleces of equipment are now in their final location in the
building except for the Roller-Leveler. This equipment piece cannot be
set for about two weeks because of lump sum contractor work in this area.
Acceptance %tests have been run on five pieces of equipment and ﬂve more
are scheduled. J. A. Jones work is 80% complete.

Project CG-747 - 308 Building

ALl but three of the punch list items have beer completed. Of these three
items one was deleted, another is 60% complete and +he other one will be
cocmpleted this month.

The work order to plant ferces for removal of eguipment in 231-Z and transport
¢ 308 Building has been closed out.

UNCLASSIFIED
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FACILITIES ENGINEERING OPERATION

." Projects

There were 17 authorized projects at month's end with total authorized
funds of $6,418,765. The total estimated cost of these projects is
$8,257,765. There were no new projects authorized, and none completed
or submitted to the Commission for approval this month.

The following summarizes the status of HIO project activity:

Number of authorized projects at month's end: ' 17
ﬁm’ber of new pfo;)ects authorized during month: 0
Projects completed during the month: -0
New project proposals submitted to AEC during month: 0
New projects awaiting AEC approval: 3

CGE-832, Full Scale Physical Constants Testing Reactor
CGH-874, Consolidation of Plutonium Metallurgy Facilities
CGH-896, Stress-Rupture Testing Facility

NOTE: New proposals ready for transmittal to the AEC are:
Uranium Scrap Burning Facility '
Structural Material Irradiation Test Equipment - "ETR"
The attached project report details the status of individual projects.

Engineering Services

Engineering work performed during the month included the following listed
major items as well as scope engineering for project proposals.

Title Status

329 Building Cooling Problem : Field work is progressing. Scheduled
completion is June 30.

Electric Hoist - Graphite Shop Crane, hoist and rails have been

3730-C Building received. Field work has started.

Refrigerated Air Conditioning .Work complete.

Room 130 - 1u46-FR Building
Pressure Vessel Study This is & continuing work program

involving HIO vessels, pressure
systems and related safety devices.

URCLASSIFIED
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Title

Coaxial Cable Between 325 and
329 Buildings

Additional Improvements to Air
Supply - Rooms 204 and 206 -
3706 Building

Laboratory Furnace Installation
Room 39-B, 326 Building

Alterations to Negative Ion
Accelerator - 3745-A Building

Glove Boxes - 325 Building
Equipment for Critical Mass
Studies )

Study Potable and Process Water
System - 325 and 329 Buildings

Fire Detection System - 314
Building

Criticality Alarm - 300 Area

Reactor Effluent Filter -
Pilot Test Facility - 100-D

Inlpz'ovement to Animal Waste
Disposal System

Atmospheric Physics Service
Center

Electrified Fenced Animal Pens
and Pasture

Drafting and Desi gn Services

-6 ‘ - EW-65459

Status
Field work has started.

FPilters have been received, In-
stallation to start during June.

Engineering complete. Materials
on order.

Design complete. Installation work
complete.

Engineering design is complete and
fabrication has started.

Materials on order. Detail design
is about 50% complete.

Work in progress.

Material on order. Installation to
start June 15, 1960. ‘
Installation work started during May..

Design and fabrication has started.
Design work started.
Enginéering study is wn@lete.

Field work has started.

Work load is constant with heavy backlog. Branch offices in 306 and 308
Bulldings are busy with steady work loads. The central drafting room has
been performing an increasing amount of work for the recycle program.

1249525
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Major design and drafting work in progress includes the following:

1. Break away Corrosion Loop (6 drawings - 50% complete).

2. Special Tools - Scope - High Level Utility Cell - 327 Build.ing

(30% complete).

PRTR Fuel Element Rupture Facility - Scope.

PRP Critical Facility - Details of in-cell piping, ventilation

and electrical work (10 drawings required).

Loading Dock Enclosure - 321 Building (3 drawings - 90% complete).

A, B, and G Hand and Shoe Counter - (approximately 16 drawings -

98% complete).

Ultrasonic Test Tank - (8 drawings required - 50% complete)

Physical and Mechanical Properties Test Cell - 327 Building -

Equipment Scope (6 work sheets completed).

9. Extrusion Tools for TOO Ton Press (8 drawings required - 6 drawings
completed).

10. Design for Pyro-Chemical Test Facility (50% complete).

11. PRIR - PFPP Grounds Improvement (L4 drawings - 100% complete).

12. "In-Pile" Test Loop - "C" or "K" Reactor (12 drawings required -
90% complete). '

13. Remote T.V. Inspection of Process Tubes (7 drawings required -
30% complete).

14. Periscope Viewer - Reactor & Fuels (8 drawings estimated)

15. Scope design - Structural Materials Irradiation Test Facility -
"ETR" - (15 drawings required - 10% complete).

Fe

.

. SDTJ N\l

In addition"bo the above work, miscellaneous small design-drafting Jjobs
are in progress.

Approximately 250 drawings including sketches, work sheets, and formsl
drawings were completed during the month of May.

HLO Plant Maintenance and Operation

Costs: March $ 131,404
;%pril . 107,505

otal thru April 1,320,478

Analysis of Costs

The expenditures were + 4% of each category, and within 0.5% of the
forecast total. _ ’

UNCLASSIFIED
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Improvement Maintenance

Item April FY thru April
Heating & Ventilation Correction $ 1,589 $ 67,000
Relocation & Alteration 301 34,682
Paint 0 11,736
Electrical Improvements _ 0 1,342
Lighting 0 413
Crene Installation 480 25,390
Miscellaneous 3,754 8,298

Total - $ 6,124 $ 147,490

Miscellaneous

Approximately 23,400 square feet of prints were reproduced during the
month.

The total estimated value of the 18 requisitions issued during the month
was $6,000.

TECHENICAL INFORMATION OPERATION

Confirmation was received from the National Science Foundation, Washington,

D. C. on scheduled dates for displaying two NSF exhibits at Hanford for a
two-week period - July 28 to August 15, 1960. Exhibits are on "Foreign

Science Literature" and "Progress in Information Processing." Both

exhibits consist of attractive display panels occupying some twenty linear
feet, with "give-away" material included. Exhibits will be set up alternately
for one week each in the 3760 Building and the 703 Building lobbies. Local
publicity is planned. The only cost to HAPO is shipping charges from nearby
colleges and universities which have also scheduled the exhibits.

At the request of Nuclear Metals, Inc. we supplied glossy prints of several
photographs from HW documents for use inh a book on Fuel Element Metallurgy
and Fabrication sponsored by the AEC.

In July 1959, a study was initiated of the procedures which govern the
access to documents in the Classified Files. An interdepartmental task
force, chairmanned by the Manasger, Technicel Information, was set up.

The Task Force submitted its report in January 1960. The committee
recommended the establishment of U4 sensitive categories of information for
access purposes and these recommendations received HAPO endorsement. The
Commission has requested HAPO to cooperate in working out the details with
the AEC Divisions involved.

The 24th Edition of M-3679, Standard Distribution Lists for Classified
Scientific and Technical Reports, was received in Files in late April

and it represents 2 major revision of the Commission’s report distribution
system. : A neéw category;.C-U4& Nuclear Technology, .is:to be:used for distributicn
of all classified reports not directly revealing nuclear weapon technology

12495217 UNCLASSIFIED
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or actual production rates of fissionable materials. Reports on plutonium
technology that reveal actual or planned plutonium production rate data
are placed in another new category, C-65 Plutonium Production. Almost all
HAPO classified reports will now fall into one or the other of these
categories. Reports in these categories will also be made available to
properly qualified Access Permit Holders.

Technical Information was asked in December 1959, to undertake a review
of Hanford reports in categories C-66, C-67 and C-68. This review was
part of the Commission's preliminary planning for:

(1) The recently announced changes in the access permit program.

(2) The changes in distribution of formal research and development
reports as reflected in the latest edition of M-3679, Standard
Distribution List for Classified Scientific and Technical Reports.

The purpose of the review was to determine whether the reports were obsolete,
superseded, or to which of the new M-3679 categories, C-44 or C-65, it showld
be assigned. Over 700 Hanford reports were reviewed by Department representa-
tives. The results were transmitted to HOO on May 6. Two microfilm copies
of the review sheets were also prepared and will be retained by HAPO and

HOO respectively for future reference.

Agreement on the "Proposed Guide to Atomic Weapon Data at Hanford",
HW-63726, was reached. It has now been forwarded by HOO to Washington
for approval.

In connection with our plans to automate certain Classified Files office
routines, two meetings have been held with vendors of automation equipment.
Others are planned. At the meetings, the vendors describe what they have
to sell and we describe our needs and problems. Meetings with Underwood-
Olivetti and Remington have been held and one with Friden is scheduled.

It appears probable that any equipment purchased could also be used for
other work within HIO.

The programming logic required for transferring the periodical subscriptions
activity to *tape has been worked out and the program iteelf is being written.
The two subscription order forms (the fanfold form for IBM printing of
renewal data, and the multiple form for new subscriptions) have been
designed, reviewed by the plant Procedures Specialists, and given to Forms
Contrel for ordering.

Work Volume S+atistics

April May

Document Digstribution and Filles
Documents routed and discharged (copies) 18,297 18,365
Documents issued (copies) : 10,054 12,764
Documents sent off-site (copies) 3,821 3,000
Document reserves filled (copies) 8Lk 615
Documents picked up and delivered 19,470 21,768

12L9b28 UNCLASSIFIED
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Document Accountability

Holders of classified documents whose files

were inventoried
Documents inventoried in Files (copies)
Documents destroyed or retired (copies)
Documents revised (copies)

Documents pulled and documents filed (copies)

Documents reclassified
Accountable copies of SECRET and DOCUMENTED
CORFIDENTIAL documents on-site

Reference and Publication

Books cataloged (new titles)

Books added to the coilection (wolumes)

Ready reference questions answered by
professional staff

Literature searches by professional staff

Reports abstracted (titles)

Formal reports prepared (titles)

Off-site requests for HAPO reports (copies)

Reports released to CAP (titles)

Library Acquisitions and Circulation

Books ordered (volumes)

Periodicals ordered _

Books circulated (volumes)

Periodicals circulated (issues)
Inter-Library loans

Films borrowed or rented

Industrial film showings

Bound periodicals added to the collection

Library Collection:

April

609

11,777
2,973
1,350

13,27k

L60

207,673

1ko
259

125
95

- 302
8
325
31

292
59
2,082
3,208
82
32
93
81

EW-65459

May

304
15,206
1,439
2,171
11,707
285

211,157

101
al2

140
99
28
1k
388
68

hog
286
1,801
3,052
167

62
292

Main Library  W-10 Library  108-F Library Ind.Med. Total
No. of books 29,410 8,395 1,601 2,013 41,419
| No. of bound
periodicals 13,781 1 1,431 96 15,309
Total 43,191 8,39 3,032 2,109 56,728
. UNCLASSIFIED
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Classification and Declassification

April May
Documents, including drawings and photographs
reviewed for downgrading or declassification b 61
Documents and papers (intended for oral presentation
or publication) reviewed for appropriate classification L6 24

Documents submitted to Declassification Branch, -
1l

Oak Ridge 6
_ %ger:, "
Laboratory Auxiliaries
JL Boyd:jw
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PROFESSIONAL PLACEMERT AND
RELATIONS PRACTICES OPERATION

MONTHLY REPORT

GENERAL

As of May 31, 1960, the staff of the Hanford Laboratories totalled 1310, includ-
ing 619 exempt and 691 nonexempt employees. Of the total, 528 possessed technical
degrees, including 313 B.S., 114 M.S., and 101 Ph.D, . |

HEALTH, SAFETY AND SECURITY

The medical treatment frequency for May was 1.77 as compared with 1.68 for April.
There were no disabling injuries or serious accidents during the month. There

was 1 security violation, bringing the total for the year to date to 10.

Two papers.on' the investigation and control of pressure equipment accidents were
presented at the AEC and Contractors' Annual Safety Conference,

PROFESSIONAL PLACEMENT

Three graduates from the Advanced Engineering and Creative Engineering Programs
and 7 graduates of the Company's Manufacturing Training Program visited for
employment interviews. Six offers for HAPO's Technical Graduate Program remein
open. All of these men are summer graduates and are outstanding candidates
worthy of consideration. For the recruiting year to date, there have been a
total of 194 offers extended resulting in 81 acceptances.

Five Technical Graduates were added to the Program rolls and 6 accepted permanent
assignments during May. At month's end there were 38 Technical Graduates, in-
cluding 9 members of the Engineering and Science Program and 5 Technician Trainees
on Program rolls. :

Six Ph.D. candidates visited Hanford for employment interviews. TFour offers were
extended and one acceptance was received from an ecologist for assignment with
Biology. For the year to date there have been 8 Ph.D. acceptances received.

EMPLOYMENT

Twenty-nine nonexempt vacancies were filled during the month. With the receipt
of 33 new requisitions and the cancellation of 4, there are currently 37 non-
exempt vacancies for which 23 candidates are in process and 5 transfers are
pending, leaving 9 candidates yet to be procured.

COMPENSATION

A 2% increase in the exempt salary structure was approved, effective June 1,
1960. A 4% trend will continue to be used.

1249539
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COMPENSATION (Cont.)

Clarence H. Ham, a machinist trainee in Technical Shops, died on 5/24/60.

Professional Placement
and Relations Practices

TG Marshall:bt

1249b40
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TABLE IT NONEXEMPT EMPLOYMENT

Nonexempt Employment Status April My Nonexempt Transfer uest April My

Baquisitions‘ - - Transfers
At end of month 28 37 Active cases at end of 7% 73
Cancelled 4 4 Cancelled ' e 1 3
Received 25 33 Now - S
Filled 7 20 Effected 1 2

124964 | HCLASSTPIED
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TABLE III. 35IONAL PERSONNEL PLACEMENT

A. Technical Recruiting Activity - HAPO - September 1, 1959 to Date

Visite to Richland Offers*
Cases On the
Considered Invited Visited To Visit Extended Accepted Open Roll**
Ph.D. _ 637 7 46 2l 2k 8 3 b
Exp. BS/MsS h12 9l 62 7 - 83 s 6 35
Prog. BS/MS 481 - - - .19k 81 6 23
*0ffer totals include offers open on 9/1/59
‘Ph.D. 3

Exp.RS/MS 6
*¥%0n the Roll totals include 1958/59 Carryover
acceptances and one 1957/58 Ph.D.Carryover.

B. Technical Recruiting Activity - HLO - September 1, 1959 to Date

Visits to Richland A Offers#*
Cases _ On the-
Considered Invited Visited To Visit Extended Accepted Open Rollx*
Ph.D. 637 147 46 24 20 T 2 3
Exp. BS/MS -2h9 35 20 2 16 11 - 2

*Offer totals include offers open on 9/1/59
Ph.D. 3
Exp.BS/MS 3
**0n the Roll totals include 1958/59 Carryover
- -acceptances and one 1957/58 Ph.D. Carryover.

UNCLASSIFIED

In addition to the above mo¢»<pww~ 15 exempt employees have transferred into
HLO from other HAPO depertments and 21 technical graduates have accepted

of f-Program wpmooambﬁ in HLO to date. :

l2u9b42




UNCLASSIFIED I-5 BW-65459

C - Technical Graduate and Technician Training Program
Month ending Mey 31, 1960

1G Program IT Program
Nunber of Personnel on Assignment 38 5
(EAPO Tech Grad Program ........ 29
(Western District E. P. ..ccvee. 9 __

Distribution of Assignments by Departments

HLO 19 1l
CE&UO 1 0]
FPD 1 0
IPD 12 L
CPD L 0
C&AO 1 0
Distribution of Assignments by Function
R&D or Engineering 26 5
Other 12 0

1249643
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FINANCIAL OPERATION MONTHLY REPCORT

MAY 1960

Personnel

There were no persomnel changes during May.
Activities

GENERAL ACCOURTING

Estimates of ELO requirements for Assistance to Hanford work in FY 1961 were
secured and forwarded to Contract and Accounting for consolidation and submission
to HOO-AEC for epproval. Authorizations expiring June 30, 1960, are being re-
viewed to determine if renewa.ls should be negotiated. Letters will be written
in June to Company components doing ATH work for HLO requesting estimates of
total costs to June 30, to facilitate fiscal year end accruals.

A revised list of professional and trade societies approved by the HAPO Gexeral
Manager for travel purposes was received and distributed to HLO management as

Appendix "A" to the Travel and Living Expense Mammal.

Travel activity is summarized below:
' Fumber -of Trirs Started

FY 1 FY 1960

First Six Months ' 527 5

" Third Quarter 353 282

April 16k 160

May 123 152
June 218 _ 200 Est.

Total 1 385 1 300

e

Based on eleven months actual experience and an estimate for the final month, 1%t
arpears that total travel activity in FY 1960 will not vary sigrificantly from thst

experienced in FY 1959.

Weekly detailed reporting of equipment acquisition activity has been establiched
for the 2000 Program. We are currently taking steps to irciunde the 4000 Program

in this weekly report.

May expenditures including a $39 ,000 accrual for equipnent received not billed
totaled $311,000.

. The billing for the neutron dosimeters ordu'ed by the AEC, to be funded by HID,
has been received. The amount of this billing is $70,402, as compared to previcus

estimates ranging from $39,000 to $61,000. An accrual of $61,000 was set up :'cr

these dosimeters when they were received earlier in the yesr. :

A meeting was held with a representative of the IBM Compeny to investigate the

feasibility of using a new machine to handle the accumulation of detall for equip-
ment acquisitions. The machine could not meet ouwr reporting requirements.

1 249bY4Y - UNCLASSIFIED
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Sixty-six items valued at $34,204, were received at the Laboratory Equipment Pool
Building during the month of May. One item valued at $260 was withdrawn and two
items valued at $1,236 were transferred in lieu of placement of requisitionms.
There are 296 items valued at $140,799, currently located in the storage area.
Nine hundred and fifty-one pounds of zirconmium valued at $l6 886, was received

for storage and issuing during the month.

In response to a request of Accounts Payable, a list of returnable containers
received at HAPO prior to February 1, 1960, was forwarded to custodial personnel -
for review and verification of containers. A consolidated report of findings
was prepared and submitted to Accounts Payable.

Effective July 1, the Specialist - Property Accounting will act as Central Conmtrol
Custodian of all Reactor and Other Special Materials with the exception of radium.
Chepter 4 of the HLO Property Management Manusl was revised and distributed indicat-
ing the new requirements affecting the control of materials. _

‘The regular quarterly inventory of Other Special Materials will be taken as of
June 30, 1960. Arrangements were made for this invenmtory to include both Reactor
and Other Special Material and the furnishing of sufficient information to enable
us to implement the revised procedure outlined in Chapter 4 of the Property Manage-

' ment Manual.

Nuclear Materials Accounting advised us of the contimuation of Survey 17 with a
verification of HAPO inventories of Plutonium as of the end of June 1960. All
material custodiens were advised of the survey and requested to submit inventory
information to eneble us to prepere and submit a physical inventory schedule for
HLO.

SS Material Custodians were advised that a representative from Nuclear Materials
Meesurements Operation will witness all HLO SS material inventories to extend
through July 1960. The mein objective of this program is to observe the
Custodian's routine inventory procedure and measurement methods.

- A Project Unitization Report was issued on Project CGH-829, "Building 325 Basement
Improvements" during the month.

Reconcilie.tion of the physical inventory of movable ce.taloged equipment in custody
cf Reactor and Fuels R&D and in the custody of Chemical R&D continmues.

CCST ACCOUNTING

. The Hanford laboratories operating cost control budget for May repcrti..g was
adjusted as follows:

(Dollars in Thousands) ' Ad,justmeht New"l‘ota.l

4000 Program .
Plutonium Recycle Program $ 12 : $5 591
GCR - Physics , (12) 165
000 Pro : , o E
Actinide Element , (2) ' 98.
Isotopic Analysis : _ (15) ' . 125
Radiochemical Aralysis . (0) 220

0 1249bY4 5 | - | UNCLASSIFIED
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(Dollars in Thousands) Adjustment New Total
Transplutonic Elements (Fabrication) $ (80)  $ 135
IMA - Pu 240 ﬁ].ements (Febrication) (80) 270

-'l‘ota.l Hanford Laboratories - $(1L7) $2k 728

Revised Work Idemtification Code pages Tc and Te-2 for the Uaiform Cost Code
Hardbooks were distributed during the month.

A rough draft of a letter to HOO-AEC transmitting our estimates of the cost to
duplicate the first fuel loading of the PRIR has .been circulated for comments.

Due to the strong emphasis on financial costs for the Joint Committee on Atomic
Energy's Hearings on Rediation Protection Standards, additional data were
developed for the Radiation Protection Operation. This material consisted of:

(l) narrative compa.risons of cost information of the various Commission
sites, and

(2) a detailed breakdown by department and function of Fiscal Year 1959
operating costs at BAPO generated by radiation and safety activities,
which had previously been included in the AEC's preprint material in

summary form.

Apmual review cf rcutine work orders was accomplished during the month which
resulted in some cancellations, supplements , and revisions to bring routine work
orders up to date.

Action as indicated occurred on the following rrojects during the moath:

sical Completion Notices Issued
GeEBo Sheet Metal Shop Ammex - 328 Building.
CGE-879 High Temperature, High Pressure Autcclave Facility, 306 Bldg.

Construction ¢ letion and Cost Closing Statements Issued
v CA- 681 Hanford Equipment in the ETR (AEM Services Oniy)
CGH-801 X-Rey Diffracticn Cell
CAH-828 Central Storage Facility - 300 Aree
CGH-838 Fission Product Voclatilization Studies Test Facility - 292-T

Building

Arrangements have been made with J. A. Jones Construction Compary which will
result in their aceruing and costing in June business all materials and eguipment

received and not billed or in transit where FOB is vendor's plant. Ccrixracts and
fabricaticn orders will also be reviewed and costing will be effected where
pessible.

PERSONNEL ACCOUNTING

Personal Share in GE Employee Berefit Plans statements were delivered to employees
at vork on May 13, 1960. Included with these statements was a letter indicating
desigrated bezeficiaries in each of the following plans: Pension, Insurance, and

1249b4b URELASSERIED
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Savings and Security. Few errors were reported on the informetion furnished on
the Personal Share Statement. Meny employees requested and were given forms to
change beneficiaries of record as a result of the letter on designated

bereficiaries.

A study of the increased cost in exempt overtime if the $7 ,SOO control limit was
eliminated was prepared. The elimination of the $7,500 control would have
increased HLO's exempt over‘t;:[.me cost for calendar year 1959 approximately $6,000.

April Share Owners Quarterly Reports were delivered to participants in the
Savings and Security Plan on Mey 13, 1960.

Approximately 20 non-exempt employees were overpald week ending May 15, 1960.
The overpayment was due to payment of isolation pay instead of shift premium.
The overpayment amounted to approximately $2.88 per employee, adjustment was
made in May 22 saiary peyments disbursed on May 29, 1960.
notified of this overpayment by means of a note prepared by C&A Personnel
Accounting and included with May 15 salary payments.

Payroll Statistics

. Number of HLO Employee
Changes During Month

Enployees on Payroll at Beginning of Month

-Additions and Transfers In
Removals and Transfers Out

Emplcyees or Payroll at End of Month

Overtime Payments During Month

Exempt
Non-Exempt

Total

Gross Payroll Paid During Month

Exempt
Non-Exempt

‘Total

Participation in Employee Benefit

Plans at Month End
Pension Plan
Insurance Plan
Personal Ccverage
Dependent Coverage
U.S. Savings Bonds
Stock Bomus Plan
Savings Plan
Sevings and Security Plan

1249541

Total
1 3011-
21
15
1 310
. May
$ L 122
1l 3hk
$18 466
$528 7332
342 092
$870 825
May
Number Percent
1 152 99.5
1 297 99.8
922
80 40,4
91 7.0
1023 87.9

2 lou® |
on\n O
ct

Employees were

B E’g
712 Ls [f B

$ 4 205
10 5

$14 7L 3

$525 934
326 _25&

$852 188

April
Number Percent

1155 99.5

1 300 99.8
926

79 39.9
g1 7.0
1021 88.0

UNCLASSIFIED
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Insurance Claims
Employee Benefits
Life Insurance -
Weekly Sickness & Accident
Comprehensive Medical
Dependent Benefits
Comprehensive Medical

Total

Good Neighbor Fund

Number Participating
Eercent Participating

W Sale:bk

1249648
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May April
Number Amount Number Amount
25 3353 30 2 100
34 2 017 125 12 863
178 18 076 188 10 i3
237 23 T ﬁ 25 406
May A.Eil
916 915
70.1 70.2

Manager - Finance
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been
examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY
G. B. Hatcher Resistance Heating Brush Holder.
F. B. Quinlan The Art of Expanding or Contracting

' (Sinking) Tube Diameters
J. P. Pilger A Gripping Device for Round Material
C. A. Rohrmann A Process for the Destruction,

Deactivation and Modification of Patho-:
genic Viruses - May 12, 1860.

Foamed Insulating Resins of Improved .
Thermal Stability ~ May 17, 1960.

L. H. McEwen Plutonium-Uranium Bearing Fuel Element
of Potentially Reduced Cost -
April 28, 1960.

Vapor-Liquid Mixtures as'Working Flids
in Magneto-Hydrodynamics Power Recovery
Devices - April 29, 1960.

L. L. Ames, Jr. ' The Removal of Zn65 from Reactor
Cooling Water.
H. L. Brandt ' A Continuous Countercurrent Ion

Exchange Using Solid Granular Exchangers
for Processing Liquid Feeds.

UNCLASSIFIED
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INVENTIONS OR DISCOVERIES (Contd.)

INVENTOR TITLE OF INVENTION OR DISCOVERY
B. M. Johnson, Jr. Chemical- Process Equipment - A Design

to Reduce Turbulence in the Nozzle Zone
of the Radiant-Heat Spray Calcination
Reactor (HW-65331).

R. H. Moore A Method for Scavenging Fission Products
from Molten Salt Solution (HW-65423).
R. W. Wirta . Automatic Flow Diverter for a Turbine
: Type Pump.
R. W. Wirta , Miles per Gallon Indicating Instrument.
R. F. Maness The Use of Low Temperature Acidic

Fluoride Solutions for Preferential
Decladding of Zircaloy-clad UO2 Fuels.

i
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