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LEGAL NOTICE

- A

This report was prepqred as an accounl of Government sponsored work. Meither lhe Umted States,

ner the Commission, ner any person acting on behalf of the Commission: - R

A.  Makes any warranty or representahon. 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 informatien,
apparatus, method, or process disclosed in this report may nat |nfr1nge privataly awned nghts‘ or

-B. Assumes ony liab: lities with respect to the use of, or for damages resuhang from 1he use of_.__

any lnformqtaon, apparatus, method, or process disclosed in this report. -

R

As ysed in the obove,‘ parson acting on behalf of the Commission” "includes any employee or

contractor of the Cemmission, or employee of such contractar, to the extent that such employee or con-

‘tracter of the Commission, or employee of such contractor prepares, disseminates, or provides access ta,

any information pursuonl o hls employmenl ar comract wlih rhe Commlsslon or his amploymem with

. such contfuctor
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BUDGETS AND COSTS

Costs for May were $1, 903, 000, an increase of $10, 000 from April.
F scal 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 88%
4000 Program 6 524 8 208 79
3000 Program 343 609 89
6000 Program 2 004 2200 g1
IPD Sponsored 3 041 3 605 84
CPD Sponsored 1637 1808 88
FPD Sponsored 10 16 100

RESEARCH AND DEVELOPMENT

1.

1246483

Reactor and Fuels Research and Development

The Phase III portion of PRTR construction is about B8% 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 Subcommitiee 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
fiiter pe instalied in the ventilation exhaust air stream and that
ilow trip protection be provided for process tube leaks in the
range of 65 to 108 gpm.

Swaged UO9 -apsules attained an estimated exposure of approxi-
mately 18, 000 MWD/ T in the MTR and ETR. UO2 produced by

DECLASSIFIED
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the salt-cycle electrodeposition process was vibrationally
compacted and successfully irradiated to 335 OO MWD/T a*

heat fluxes in excess of 1, 250, 000 BTU /hr/ft2 at the Zircaloy-2
surface.

Meliting points 50 to 100 C higher than that of unirradiated UO9
were determined in preliminary studies of irradiated UO3 in a
shielded, high temperature microscopy facility.

A correlation of hardness and density for U0O2-PuQ2 pellets
has peen estaplished. The data will be used to evaluate in-reacior
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 30 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 t0 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 {rom KER after approximately 2000 MWD/T
exposure without rupture. Fuel elements of tube-tupe
geomeriry oeing tested in a KER loop under NPR coolant water
conditions have attained an exposure of about 2750 MWD/T
without incidenst.

Radiometailurgical examination of a coextruded Zr-2/U rod
wnicn falled in KER Loop 1 in February 1580, has disclosad
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
contrel samples,

124qLgY A
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A Zircaloy-clad, uranium core fuel rod with thermocouple
ingirumentation is operating successiully in-reactor. Initiai
operaiion 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 tuoes 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 periormed
satisfactorily even when the contact area between the support
and autoclaved Zircaloy-2 is reduced to a point or iine.

The study of flow 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 ihe
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 ftube and tube iype fuel element,
Thirteen boeiling burnout points were obtained that are appli-
caole to the cuter cocling annulus of the fuel element.

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 reiease.

Thermodynamic calculations showe that it was plausible 0
exy.ain the uranium fire in the Redox multipurpose dissolver
oy simple assumptions relating amount of exposed metal, heat
generation and dissipation, gas rates, and geometric effects.

acid Purex wastes using a modified ANL feed nozzle. Under
proper conditions negliginle agglomerate formation and near

steady-state particle size were achieved.




DARMASIFED R

Operation of ion exchange equipment in the A cell of the High
Level Radicchemistry 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
gschemes 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 controliled 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 UO2Cl2
offers intriguing possibilities for controlling particle size and

- 124948)b "—
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shape of UQs prepared by electrolytic reduction. Evidence was
obtained that UQOCIl2 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
1x10° R, |

A slow neutron reaction on Sc4% was shown to be the origin of
Sc46 in reactor effluent water.

Holmium, dysprosium or praesodymium would be betier 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(Ill) or promethium.

A highly sensitive flowmeter to detect and measure vertical
flows in wells was demonstirated 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 prograrm, 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 physicsg 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 1o
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.

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

In the Plutenium 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 2 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 sampies 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 cf 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, continuocus-level concentration equiva:ent to
100 MPC of airborne Pu239, # There will be no false alarms from

* One MPC is used as equal to a Pu?39 concentration of 2 x 10-12 uc/ece
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, Biologz

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

Findings, incidental to Sr%9 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 Csl37/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 éaused by PuOg in dogs at 30 to 100 days resulted from an
average dose of 20, 000 rads, assuming uniform distribution of
the plutonium in the lung.

5. Programmin_g

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 fuel cycie analysis. The results show large
exposure dependent errors if the decay is ignored; however,
simple treatment of the decay effect proved adequate.

Al
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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 Recvcle 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 resulis 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
basgis behind the use of such charts, and the other discussed decision
rules to ve used in analyzing rupture data,

. The resulis of a study made to deftermine the number of coolant pressure
gauges which can be bypassed and tripped simultanecusly withour invali-
dating any normal scram signal have been documented.

Resulis of the spare parts and standby inven:ory as found by sampling
techniques were used io estimate the total HAPQ inventory surplus and

aeficit.

Studies concerned with an evaluation of the FORTRAN-Moritor customer
service =nd the scheduiing of routine IBM-70% appiica-ions were completed.

DECLASSNES

12594490



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 difficuity of
forming a gas tight seal around and among the myriad of electrical

and ingstrument leads, and ceiling leaks., On June ¢ 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 activiﬁy in FY 1960 for Hanford Laboratories is nof ex-

pected to vary significantly from FY 1959. Trips started in FY 1959
totaled 1, 383. Thereare estimated to he 1, 400 in FY 1960,

DECMORED

124949



R e e

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 staiff 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

TECENICAL ACTIVITIES

A. FISSIONABLE 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, ursnium core rod. Rupture rates are inferred from hy-

drogen collectlon data.

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

2000 psig, have been cbserved. The meximum rates are quite pressure

gensitive, decreasing with decreasing pressures to 1.5 to five grams pexr
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 decompesitior of
uwranium hydride deposits formed during the initial stages of rxpture.

It is further believed thet this decomposition is initiated by the con-
densation of steam to water. If this interpretation is correct, and the
formation and decomposition of large amounts of urazium hydride do occur,
then the hydrogen collection rates are not directly proporticnal to
uranium demege and the inferred rupture rates must be considered as
qualitative. Further investigation of these phencmena are under way.

Corrosion Testing of Zircaloy-2 Elements with Zr-Be Eutectic Braze
Ciosures. An autoclaving test was run durirg the past month on co-
extruded fuel elements contairing Zr-Be eutectic brazed and welded, &ni
as-brazed closures. Zr-Be eutectic brazed Zircalcy-2 coupcns were in-
2luded. The purpose of the test was to evaluate the ccrrosion resistance
of the brazed closures and the heat-affected zorne of the cladding. The
health hazard during etching and autoclaving cf materials coctaining trhe
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 szowed no adverse effects after autoclavirg. Tuere was no Je-
tectable difference between the heat affected exds of the elemenis and
the mair body of the elements. The brazed Zircaloy-2 coupon showed a
grey ares on the braze and a very definite grain pattern caused by the

e L EOR- DT Y PSP % 0 T w wwn 2 alads < L]
heat treatmert Auring the breze cyecls. Thz welght galns oz ths brazel

coupon and the contral coupor were normel for 72 heurs in 500 ¢, 1500 psi
steam (17 mg/dm?) and showed no accelerated ccrrosicn.

_ BEMSS%HB

1249143

%



A-2 HW-&5k59

_JECASSIFED

To evaluate the health hazard asscciated witk processirg fuel elenments
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 cortamination
associated with etching and autoclaving. The concentration of beryliium
in the breathing zone of the operator opening the autgclave was 0.+5‘pg/m
compared to the maximim acceptable concentration of 2,pg/m Smear
samples from the autoclave and the brezed surfaces are not corrarable to
any available data but show small amounts of loose beryllium-contaiving
solids present on these surfaces. The beryllium concentration in the
HNO3-EF acid etch bath was approximstely 5 jig/liter. Although the
veryllium contamination in the etch sclution was low, processing a con-
giderable number of such fuel elements could raise the beryllium concen-
tration to substantial lewvels.

Effect of Charging Lubricants orn 2ircaloy-2. An aubtcclaving test was
initiated to determine the effects of charging oils on Zircalcoy-c and
mild steel (ASTM 212B). Haif of the test coupons were immersed in "Ueon”
charging oil and the other half in a standard soluble 2il, The coupons
were then rinsed in deionized water and autoclaved statically in 300 C,
pH 10, deoxyzenated water for two weeks. Neiltker the Zircaloy-2 neor the
carbon steel coupons showed any adverse affects from either of the two
cils. The average weight gain for the Zircaloy-2 coupchs was 7.3 mgﬁdm?,
which ccompares favorably with available data for Zirealoy-2 autoclaved in
300 C, pH 10 water. The descaled weight change for the carbon steel
coupons was 121 mg/de whick also compares favorably with available data
for carben steel autoclaved in 300 C, pH 10 water.

Report on NPR Tube Etching Facility. An informel report is being prepared
on the results of etching sampies of an NFR process tube in a continuous
etehing facility. Studies were made concerning the scale uvp of a conftin-
-uous etching facility to etch a Sh-foct-long NFR tube. Indicaticns are
that full-scale facilities are feasible. '

Corrosion of Aluminum Alloys. Comparisons of aiumimam alloy dehavior in
high velocity, corrosive water environments nave vzen renewed. The test
apparatus has been modified to give high flow raetes parallel %o the
gsample surface rather than direct impingement chtained with the originel
sample arrengement. The water is fcrceed to flow in a rarrow stream by
clamping the sample on a special block which has a thin slof milled be-
tween the entry and exhaust holes for 4he water. 300 Ares *t2p water,
deicnized water, and reasctor process water have been ueed. The waler was
heated to 100 C and pumped past the samples at velocities frem 118 ft/sec
down to 40 ft/sec. Grooves of Jive mils were corroded ints a Sample in
seven hours with deionizaed water a% 100 2 =nd 115 F+/==: inibial —elecity,
(The flow velocity decreased as the grcove depth ircreased.) Addition

of two ppm dichromate to reactor process water and deicnized water caused
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Samples of 1245 aluminum fuel alement Jackets were “ested at the same
conditions as the above samples. The results have not besn aneiyzed
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as yet, but visuslly, they appear similar to X-8001 coupons. The fuel
element jacket samples were selected because they had beer through the

canning process. :

Radiometallurgy Leboratory Studies

Examination of Zirceloy-2 capsules burst by intermal pressure during
irradiatiorn revealed that strain was uniform prior to rupture (RM-551).
Four swelling-experiment samples were removed from NeK-filied capsules
and exemined. No bumping or warping was found, but longitudinal cracks
were found in the cledding. 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 ther used for
in-reactor decontamination studies. Examination of the ruptured areas
showed thet the uranium was attacked at the cladding bond layer around
the fuel rod, with resultant swelling (RM-327). Cracking was found in
samples from coextruded rod type elemerts, 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 eveluated by use of x-ray diffraction
and other techniques. Coupons of annealed and cold worked Zircaloy-2
were irradiated in the KER Locp 3 at an average temperature of 200 C %o
an integrated exposure cf 9 x 1 9 nvt. Post-irradietion examiration
shows that both the annealed and ccld worked state, radiation damage has
been retained aefter irradiation at 220 ¢. The x-rey diffraction lines
all show an increase in width. This fact is inzeresting since In un-
irradiated cold worked Zircaloy-2, x-ra2y line broadening can be partialiy
ennealed out after cne day at 250 O,

Mechanical and Physical Properties of Materials. The creep properties of
Zircaloy-2 are cousiderably imprcved by smell amounts of residusl cold
work. The extent to vhick inereasing amourts ¢f ccld work imlluence
creep propexties and the effects of recovery during tasting are being 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 in the specimens,
ware selected a3 lLimits of cozditicns +that would te encounterad in service
in reactor process tubing or fuel element cladding. A serias of ftesls
heve been completed at HAPO and at BMI on an assistance program. Another
series oI tests were startved during the monti. An activatiln nergy 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 Zircalcy-2 has been analyzed this month using the BMI and HAPO creep
tests and plotted as a function 0, a compensated time parsmeter of the
simple rate reaction, using the relationship: © = te” H, vhere t is

time, T is absolute temperature, H is the activation enérgy, 59.7 k cal/
gu-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 cn time and cold work but
independent of stress and temperature. The slcpes 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 opticel metallography indicated partial
recrystallization occurred during a 4OOO-hour creep test at 400 ¢ 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 conditions.

Electron and Optical Microgcopy. The study of the microstructure of clad-

ding end fuel material after irradistion is a direct wey of detecting
radiastion damege in these materials. Thin films and foils suitable for
electron microscopy offer adventages since radiocactivity is a minimum.
The irradiation of multiple layered films, UCp o Pt on C, UO2 on Ge on C,
U02 on Zr02 on C, and U0 on C have been repeated, and positive results
have been obtained. All films of the non-fissionable layers had discrete
regions in which no UOp was present. In the as-irradiated state, these
regions show fission fragment tracks in the Zr0z miltiple film. After
shadowing of the films, tracks are visible in these regions in both the
carbon and the ZrOz films. Stripping the UOp film from the underlying
substrate and then shadowing discloses tracks in the Pt, Ge, ZrQz, and C
in those regions vhere UOp 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 varicus constituents in the multiple films. Waick of these Zactors
are responsible for the occurrence of fission fragment 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 L.k x 1005 nvt.

- Electron microscope studies of disloceticns and their motions in these ir-

T

radiated foils indicate that twinning apperertly occurs in specimers having
the highest exposure, 4.4 x 1019 nvt. In addition, zig-zag type dis-
lccations which are Iimmcbile are now present. The latter Sype imper-
fections have beer reported to be present in aluminum-after quenching from
& high tempersture. No evidence of the formation of dislaocation locps

has been found.

DECLASSI
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Metallic Fuel Development

Cluster Fuel Elements. Production Test IP-2884, which congists of seven
12-inch long, 7-rod cluster elements witk Hot-headed and projection welded
closures, was discharged from KER on May 1h with approximately 2000 MID/T
exposure. The irradiation was entirely successful. Other activities in
the KE basin have prevented underwater examination of the elements and
selection of an element for Redicmet examinatior.

Radiometallurgical examination of the ruptured 0.592-inch diameter rod
from the 7-rod cluster which failed in KER Locop 1 on February 8, 1960,

has continued. A detailed metallurgical examination has been made of a
"seratch" or surface stristion which extended lorngitudinally along the fuel
rod from one end of the split in the clad. This surface strlation corres-
ponds to a thinned area in the clad which, in cross-secticn, shows extensive
local plastic deformation of the Zircaleoy-2. In one cross section, removed
from the failure area, this local deformaticn has reduced the clad thick-
ness to six mils from the nominel 20 mils originalliy present. Of prime
importance is the fact that the localized clad thinnirg has cccurred with
only a corresponding increese in rod diameter of four mils and without
associated cracking in the uranium.

The examinstion results indicate that lccalized plastic deformation of
the clad mey have been respensible for fallure of the fuel rod, although
radial eracking of the fuel vwas asscciated with the clad split at one
end of the failed ares. The phenomens of localized thinning of the clead,
without associated cracking of the fuel, has not been observed tefore.

Tubular Fuel Elements. Fuel elemenis of wube-tube gzometry are bdeing
tested in the KER loops under NFR coolart water conditicnms. A% month erd
four elements ir KER Leop 2 will have achieved an exposure of about

2750 MID/T. The elements in KER Loop 2 are coextruded tube-tube geometry
with enriched cores and Zircaloy-2 clad. Two elements have uraniume
zirconium alloy corzs, and two have unallcyed uraniwn cores. Meximum
core temperature calculated from present data is +h{ C. This Temperature
is reached in tne inner tube of the dcownstiream element.

A tubwlar element having 2000 MWD/T exposurs was exsmined at BMI. Re-
examination of sections of this fuel element at Hanford confirmed the
presence of radial cracks in the uranium core n2sr thke centar of the
36-inch long element.. Some of the cracks run from +he inner clad to
the cuter clad. Ir all cases, the cracks penetrated intc the ¢lad no
more than one or two mils. In most cases the clad shows ductile metal
flow in the region of crack termiraticn.

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

Mhiaf apiigs Fow wadfansdam haz hoan dass lavodisrdlact cesweadatas 2wd .
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trusion defects on the ID of the inper tube. The clad material appears

~udsg 1249497

t¢ be low in hydrcger witi an excellent zirconium-uranium interface.
Clad thickness ranges from 0.018" to 0.025"., Uranium quality is poor
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with nuinerous 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 lcoop irradiation to determine the
effect of heat treating varisbles on irradiation behavior of Zircaloy-2
clad tubular fuel. Five heet 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 QD x 0.400-
inch ID with nominal 0.020-inch thick inner and outer Zircaloy-2 cladding.
Irradiation test PT-IP-317-A was made up of five, six-inch elements and
5ix, 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 secticns of this indicated less than 50 ppm zirconium hydride.
The elements were charged on Mey 14, 1960, in KER-3 with two defect-test
sssenmblies prepared by Fuel Element Design in the dowmstream position.
Above normal activity was observed on the delayed neutron monitor almost
imediately 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
wvater entry. Two additionsl nine-inch elements from the group in the
autoclave that were rinsed but not cleaned in nitric acid were boiled

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 0D 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 following takie. The maverial
is being examined for correlation of resulting grain size and structure.

Time to Reach Time to Reach Quench Rate
Heat Treatment deta 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 b7 5770
Nusal salt - direct
quench to 80 C water

730 ¢ 10 minutes 2.7 k.7 - 3275
Nusal salt - direct
gquench teo oil at 25 C

730 ¢ 10 minutes 2.7 4.6 Approx. 250 ¢/min in

Nusal salt - quench beta 48 seconds to

to LHOSO salt at 590 C complete transformation;

5 min - water quench 3 min %o reach 590 C.

730 C 10 minutes 2.2 4.2 94 C/min in beta

;, Nusel salt, air 54 seconds to complete
* cpoled transformation.

'nzuquqs--- - | -



Ay A-T L Essusg 4

Dimensional changes recorded indicate nc chenge in outside diameter,
0.00Lk-inch increase in inside diameter, and 0.010-0.01l6-inch increase

in & 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 durmy elements four inches long kave
been built and are being used to mock-up and evaluate candidate methods
of fastening inner and outer tubes.

Failure studies require the sbility to defect an element at eny 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 smaller heat affected zone In the
region where failure will be initiated and & much faster operatiom.

Some investigations are being made to determine the flow pattern of 2
metal as it is being swaged. To do this, a square cross section bar

is being fabricated from a mmber of squere cross section copper vwires.
These wires have been dip tinned with a 50-50 solder and will be heated
and pressed intc a bar approximetely 1.5 inch square. From this bar,
that now has & 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 & series
of reductions and at varicus rates. In each case measurements of and
photographic records of the lattice patiern will be made. OSuck meesure-
ments and cbservations should lead to a better understanding of die
design and provide a basis from which to establish a socund theory of
metal flow in a swaging die.

Clcsure and Joining. Equipmen‘i: for kot keading Zircaeloy-z uranium IUFR
inner tubes (1.330-inch OD x 0.520-inch ID) was set up in a 400-ton
vertical hydraulic press and four tubes wers successfully hot headed on
both ends. The heading technique is the sams used on KER inner tubes
for a recent production test.

The headed NFR inrer tubes are being used for the develcpment of a pre-
Jection welded final closure for this size tube. The Zircaloy-2
shoulder on the hot headed +ubes appear unifcrm and of sulficient width
to allow the use of multiple prcjection rings on the closure cap.

The heading operation produced a swell on the tube 0D at the juaction of
 the unhested tube gxip and the heoted beading conteiner of 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
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5/16-inch is extruded on each end of the tube to bring the Zircaloy-2
clad acrozs the end of the hesvier walled tube into the extrusion.

Seversl more tubes of this sizs will be hot headed for use in further
hot heading and projection welding studies as additionsl coextruded
stock becomes available. i

Developmental work on a brazed NFR fuel element end closure has con-
tinued during the past mcith. Emphasis has been on the brazing of

different gecmetries and applying different brazing concepts. Use of -
a machined disk of braze alloy placed between the cap and the wranium

core appears to have considerable promise. Difficulty Las been en-
countered in brazinz NFR 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 rn at 300 C and 1500 psi for one week. At tiis peoint a failure
occurred. The failed piece was heat treated but had an unwelded braze
zone. Failure occurred through a 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 sbout cone-half inch frem
the end cap. These pieces had rot 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 allcys, other
than the 2Zry - 5 w/o Be (BeZirc) braze, would be potextial alloys for
use in NFR fuel elements. Several alloys looked promising from the
standpoint of low corrosion rate and low melting temperature. These
alloys were Zr-2, 5 w/o Be, 13 w/o Fe and 2r-2, 5 w/o Be 17 w/c Cu.
BAPD reports the corrosion resistance of the iren alloy in 36C C water
as being slightly better than the BeZirc braze alloy. There are
aumercous other alloys that have rather poor corrcsion resistance but
low melting points. These alloys would act as secondary corresion
barriers in the event of weld failure, providing sufficlent protection
to the urenium until the reactor could be shut down.

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

¢lad uranium fuel rods with selected uranium temperatures, cladding
thicknesses, and exposures are being conducted. Three swelling capsules
GBE-14-93, 14-101, and 14-105, are presently veing irradisted in the MIR
with gool exposures La the range 2000-250C MWD/T. Exposurss and average
center uranium temperatures for these capsules are, respectively:

600, 1600, 2000 MWD/T, and 575, 275, 335 C. A fourth capsule in the
MR, GEE-L4=3T7, 1z to ve discharzed at tus end of tue present cycls
with an exposure of 3500 MHD/T. A review of the presently available
uranium swelling data revesled that more information is needed in the
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temperature range at which swelling begins to increase raplidly. There-
fore, the irradistion conditions of five more capsules, now awaiting
irrediation et the MIR or ETR, have been revised to give uranium
temperatures in the range of Iinterest. :

Dimensionsl measurements on four uranium fuel rods irradiated in NaK
capsules at D Reactor are complete. These rods, which operated in a
temperature range from 380-420 C to an exposure of 1850 MAD/T, have
increased in volume up to one percent. Ductile failure of the Zircalcoy-2
- cladding on ome of these rods occurred during lrradiation. Nom~uniform
straining of the cladding, without associasted fuel cracking, occurred

at several places on the rod.

Internsl mecrocracking was observed in the center of the rod. The be-
havior of this test gpecimen is remarksbly 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 bets treated water quenched condition behaves poorly in defect

tests. Aging or anneeling of water quenched material a® Temperature
below 530 C, however, improves its behavior to the point where it is
equivalent to that obtaineble by other heat treating methods. It hes
been determined that autoclaving for 48 hours at 400 C ages the bond

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

Laboratory work on the in-reactor burst testing of 15 Zircaloy-2 tubes
simiating fuel element jackets is complete. Previously reported
indications of an in-reactor loss in wniform circumferential strain at
frocture were in error. More accurate measurements on metallographic
cross sections through the capsules showed no significant difference

~ in uniform elongation at fracture beiween specimens burst in-reactor
and those burst ex-reactor. The average uniform elongztion was 16 per-
cent. The hydrogen content after 1300 hours in the reactor av 330 C
was, on a basis of metallographic estimetes, 100 ppm in both the
annealed and cold-worked specimens.

Ex-reactor tests show thai Zircaloy-2 supports on full size NFR fuel
elements severely scratch the autoclaved Zircaloy-2 process tube as
the fuel element is charged and discharged. Fuel element supports
formed from strips of AISI 1010 and 1020 steels have beer wear tested
ard have performed satisfactorily even when the contact area hetween
the support and autoclaved Zircaloy-2 is reduced to 2 peint or lize.
The oxide £ilm on the steel support resulting from autoclaving at 40O C
and 1500 psi for 72 hours has no adverse effect cn the performance.
Severel stzel supporis with 5/8-1‘:::11 lonz bearins suwrface have been
formed from 1010 snd 1020 steels to evaluate the wear performence of
this new support design. A method for attaching these supports Lo a
Zirceloy-2 surface is being evalusted. 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 & Zircaloy-2 surface. The heat ard 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 comtact with Zircaloy-2 are being tested in pH 10 water at
300 C and 1500 psi to check their gross correcsion behavior and any gal-
vanic effects with Zirealoy-2. An order has been placed for an experi-
mental lot of Zirealoy-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 cuwrrent use.
The maximum load these supports will hcold before buckling was found to
Te 950 1bs/inch and the maximum room temperature elastic deflection was
10 mils. .

Of the many possible types of fixtures for sesttaching inner NFR 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 which may invclve end
closure design but will require nc welding after tke fuel is autoclaved.

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

the uranium grains. As previously reported, these microstresses increase
the macroscopic creep rates for 500 psi and 2000 psi leads. 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 Dynapak was instrumented to measure extrusior punch force as a
function of time. These impulses were measured on a 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 extrusion impulse was five
milliseconds. These types of data are required for effective adjustment
of extrusion parameters.

REACTOR PROGRAM

Coolant Systems Development

In-Reactor Singie-Pass Testiry., The six KB sirgle-pass Tibes were re-

charged. Two tubes are now testing the corrosion of standard aluminum-
Jacketed fuel in pH 7.0 process water witk one ppm dichromate inhibitor;
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Single-Pass Decontaminatior of Old Reactors. Fcur tests were completed
in the 242-B Single-Pass Ficw Pacility. A cyclic process alternmating
2.5% Turco-4518 and 2.5% sulfamic acid gave a DF of €50 on specimens cut
from stainless steel reactor pigtalls. A mixture of E3POy and NapCroQp
gave a DF of 1%. A cyclic process using 2.5% Turco-4518 and 2.5% Wyan-
dotte-112 gave a2 DF of 33 on the pigtail and 6-10 oz sections of an
sluminum process tube. A mixture of C.QMHHSOy ard G.3 M oxalic acld
(inhibited witk two grams/gallcn of phenyl thiourea) gave & DF of 98

on the pilgtail samples and reduced the process tube contamization to
background, while corroding carbon steel washers only C.001 mii. ALl
four tests were for 24 minutes.

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

Six discharges have been ccompleted to date of the coupons of Zr-2 exposed
to velocities of 18.€, 42.4, and 86 ft/sec in pH 10, 290 C water. Accum-
ulated exposure is 2481 hours. The samples at the highest velocities
have continued to lose weight; however, thies is suspected to be Jue %o
fretting.

Brazed Zr End Closures. Tubular coextruded U-Zr-2 elsments with end
closures brazed with S5% Zr - 5% Be were exposed one week in Elmo-7 at
PE 10, 300 C. One element ruptured, apparently tecausz of = pinhole at
the braze. The braze appeared to have good corrosion resistance.

Slug Rupture Tests. Three mcre runs were made in *he Heated Slug Rupture
Prototype with 1scthermal heat treated coextruded U-Z»-2 tybes. These
were predefected with a 0.025-inch pinhole and »ur without internal heat
generation at 300 G, 1650 pei, and 16 fps until tke rupture was dstected
by a hydrogen detector. After detection. the NFR cool down schedule was
followed. An cuter tube defected on the outside surface lost 13 grams

of uranium, snd the »iptured area consisted of twe hrcken mounds, eack
about 3/8 inch in diamster and 0.10 inch zigh. An outer cudbe defected

on the inside surface lost five grams of uranium. There were Two
ruptured areas lcocated on oppcsite sides of the #ube, possibly irdicating
the tube had beer defscted in two places. (ne area -ad “we broken mounds,
each about 3/8 inch in diameher, and the other area had a sirgle 3/8 inchk
diameter bDroken mound. r. inner tube defected on the guitside surface
lost five grams, snd the ruptured area extitited a Troken mound aboub

3/8 inck and tws other unbroken mounds sbout 1/8 inek in diameter.

Toe second rupture test was made iz IRP Leop using & single rod Zrom axn
irradieted T-rod cluster. After rupturing 40 minutas a* 300 C. the
ruptured area extended completely around the rod and arout ome and cne-
helf inches along the lerngsk. It was characterized by both blistering
and gplittizng. This rcd kzd sezeived agbout dwice +kz ixm-reactor sxposirs
as the one employed in the first test, and 1t appeersd o have ruptured
more severely in only half the time. The loop was dzccntamirated using
peroxide-carbonate alkaline permengarate sni Wyanicite 122. DF's of 186
to 240 were measured, and corrosion of the caroorn steel COUDORS was

s DECLASSIFiBeme
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Eydrogen Detector. Modification of the recorder %o permit ar on-time of

two geconds 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 redi-
ation monitors, as well as to follow the amount of rupturing.

KER Thermocouple Fuel Element. A crie-inch diameter by 1l2-inch long
thermocouple siug of uranium coextruded with a 20-mil Z>-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
ad Jacent water temperature. This Jjoint test with Fuels Development is
intended to measure any significant increase in the temperature drop
between the cladding and the water due to the build-up of insulating cxud
on the surface. No such increase was detected during the first eight days
of operaticn. The thermocouple slug 1s 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,

PE 10; and the loop is of carbon steel. Tre crmd 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 fesasible
in both the make-up and clean-up systems if slight capacity losses can
be tolerated. The useful capacity of the clean-up resin was five to
15% lower than that for the make-up system mixed bed resin.

Corrosion of Stellite During Decontamination. Testing of Stelliite alloys

1s continuing in an inbibited version of Turco 4502 (240 gms/liter) for
two hours at 105-110 C, followed by 15 minutes in Wyendotte-1112 (90 gms/
liter) at 60 C. Peretrations after three gycles were .05, 0.19, =2nd

0.15 mils for Stellites 6, 6-B, and 12, respectively.

Colrmongy. Samples of Colmenoy-5 (& Cz-fi alicy comsidsrad for LER vaive
seats in place of Stellite) have been cycled six times (with two hours
per exposure) in alkeline permengsnate solutions. Thers was very little
corrosion as compared to Stellite on specimens exposed to 18% caustic,

3% KMnOy; no 2 lo/ga¢ Tureo-4302; or to 2 lo;ga; ﬁvanao:a~-l**3

Structural Meterials Devslcpment

Jomm ey e T

NPR Process Tubes. A visit was mede £7 “ha oormasizs cestire lakoratories

IZUQSUU

of each of the three NPR process tubes vendors. All are using etching and
autoclaving methods and equipment whick should be acceptatle according
to Hanford practice.

However, Allegheny Ludlum Steel Corpcration kas heen routirely machining

at least 0.020-inchk from the surface of test coupons prior Lo etcnizg.
This practice defeats the purpcse of the corvosion “est for detecting
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the effects of possible surface contamiration. It is also possible
that the surface texture produced by this methed of machirning con-
trivutes to Allegheny Ludlumfs difficulty in consistently cobtaining

a satisfactory black film in the corrosion test. A reguest has beer
made to discontinue machining the samples, and instead %o fest them
with a surface as prepared for the next step in the fabrication process.

Hayvey Aluminum Company has experierced d.lfficu.i.'!:- with white stringers
on thelr corrosion test samples. Of nine samples tested only one was
free of stringers. Samples from these tubes were incorporated into a
reciprocal testing program between the corrosion laboratories at Harvey
and Eanford. This series of tests compared toth etching and auto-
cleving processes at both laboratories. All samples were entirely
acceptable on the basis of weight gain, but differerces 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 pronounced. ALl
tubes were judged acceptable on the basis of samples autceclaved at
Hanford, in spite of 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 ito modify their autoclave tachiique. A series of
standards was selected from this test by which to Judge future test
samples. Ore coupon has a perfect glossy Llack surface with a limited
population of small gray or white flecks and stringers. This sample
represents the minimwm surface condition that can be sccepfed. A third
coupen is included for purposes of comparison representing s definitely
rejectable surface. It has a populaticr of flecks and stringers cone
sldered t¢ be excessive. It must be emphasized that this group of
standerds cen be applied only to tubes produced by tkis one wvender

using his particular method of fabricaticn.

The inability of the other two NFR tube vendors cornsistently to produce
entirely black autoclave films indicates the need for similar reciprocal
testing programs witk assistance from Hanford in identifying and cor-
recting nox-standard Zircaloy zurface treatmert procedures.

"C" Reactor Zircaloy Tucing. Fabrication of 200 smooti-bore Zircaloy-2
tWoes for C Reactor .S nearly on schedule; 170 Tubes are expected %o be
ready for shipment on the new delivery date of July 1. The rema.ming

should be completed by July 15. Izmcluded ir this group wiil he four to
5ix tubes made an extra five feet long for ':or:*ca‘ﬁr- tagts in K Reactor.

Three new fabrication techriques for smocth bore tubes whick skould
Provide lower tubing costs ir the future are veing deveicped. Tha
trials are being mede nder purchage crders wharshr Hanmford will Tuy
a8 limited rumber of the tubes if they meet all Harford St ec1fic9.t10ns

T + < = - <&
van Slcne Ilanging tesis performaed by IPD on tha fiyst rivlsszs Zireeleor-2

tubes received have shown no difficulty with the smooth, 3C percent
cold-worked tubes mede by Harvey Aluminum but have resulted in failures
by cracking in some of the »ough-surface, 65 percent cold-worked

IZUQSUSI | “ELASW
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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 been made:

1. Polish the inner surface of the tube where the flange
will be furned.
2. Anneal the sections of the tube to be flanged.

Future tubes from Bridgeport will be annealed by the vendor at the
flange locaticns and, as specified, a crack-free flange mus?t be turned
on & 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 smocth, pickled
surfaces. No difficulty is anticipated in continuing to obtain crack-
free flanges without annealing this tubing.

Nonmetallic Materiasls Development

Annealigg of High Temperature Irradiation Damage. A series of anneals
at 700, 800, and 1000 C were made 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 annealing 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 shrinkasge 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 tempersture will not cause significant
dimensional changes.

Reactor Fiux Measurements. On February i1, 158C, cne boat of small
graphite samples was discharged from 1960-C. The boat was centered

99 inches downstream from the center line of tre graphite stack and
contained five nickel and cobalt-alumimm flux monitors located four
incnes apart. The integrated fast thermal flux values are tabulated
below. The gross thermel to fast flux ratics ars twice those cbtained
in two previous experiments, in which the monitcors were positioned near
the reactor core. The discrepancy is likely due to the fact that these
recent monitors were located on the very edze of the metal losding
pattern. '

T 12uas0b | ' -
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Distance
Dowastream Integreted
of Gross Thermal
Centerline, Integrated Fast Flux Thermal Flux to Fast.
Inches (nvt/MWD/AT) E»1 Mev* (nvt/MWD/AT) Flux Retio
o1 7.k x 10%2 6.2 x 1006 1
95 8.1 x 10-7 8.0 x 106 9.9
99 7.5 x 1012 7.9 x 1020 11
103 6.8 x 10%7 7.7 x 1086 11
107 6.6 x 10 7.3 x 1080 11

*¥Assumed watt spectrum.

Graphite Oxidetion Studles. Graphite monitoring samples were discharged
from 1560-KW on April 29, after twelve months ir the reactor. No oxi-
dation rate above two percent per 1000 operating days was noted.

Thermal Hydraulic Studies

Heat Transfer Experiments Pertaining to Present Production Reactors. The
recent simultaneous occurrence o2 some reactor coolant charxnels 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. Since the validity of the
limit calculation techniques rely heavily or laboratsry verification,
additional experiments were performed with particular emphasis pimced on
data at low Panellit pressures and high rear header pressurss. Ir addi-
ticn, changes in fuel element geometry and sigrificaut improvements in
techniques and equipment were incorporated ir these data. Tue date
include steady state hydraulic demend regquirements anl transier® demand
characteristics following simulated plugging incidents ard are applicable
to BDF-Type reactors.

The sieady state demand data were taken for tutz povers of 500, 7CC,
1000, 1250, and 16GC KW. These data {utiiizing standari BDT fibwicgs
ard a simdated I & I fuel charge) show that %hs ususl erpirizaily
calculsted "boiling demend curve" will predict corservative (higher than
actual) demard pressures and hence conservatism weuld he retained in the
unstable fiow pcint predicted by using tke empirical "boiiirg dsmard
curve”. Freliminary analysis of the data also irdicatsd that =here
would be no uzstable flow point with a slow pluzging ceourrerce at wube
powers less than atou%t 200 KW. The data also iniica*ts <hat nigh Panelli*
trip back-up rrotection would be availabls for tube powers greater than
ebout 50C XW. RBotk of the sbove “ube power values ave bassd on 2 frant
beader pressure of 580 psig end an initial Panellit pressawe of 250 psig
witn 125 C initial outlet temperature. For all %ude powers excspt

1600 KW, the demand curves were carried %o flow rates sufficiently low
to allow the detection of film boilirg et some poinw cn bze simaitated

fusl charge.

12495071 - | | BEﬂﬁss!”!’ .
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Transient data were recorded for tube powers of 700, 1000, 1100, 1250,
and 1400 KW with various conditions of flow meter geometry, initial
cutlet temperature, severity of plugging cccurrence and rear header
pressure. Preliminary analysis of these data indicates “‘he following:

1. There is very little deviation between *the observed
minimum Panellit pressure (as seen by an electro-
mechanical pressure transducer) ard the predicte
minimum Panellit pressure based or the non—boiling
isothermal demard curve (using flocw to the 1.8 power
in predicting pressure drop demand across the fuel
charge). The deviaticn was generally less than ¥ S psi
and was only infrequently greater than I 10 psi. The
accuracy of data reduction from the high speed recording
equipment is regarded to be in this same rarge, ¥ 3 to
10 psi.

2. The technique of “normalizing” tube inlet data to selected
initial Panellit pressures as outlined in HW-L2LEQ C was
verified as being applicable for different venturi sizes
and for a double orifice combination.

3. Veristions in rear header pressure had ro apperent
effect on mirimmm Panellit pressure during fiow re-
ducticns or the normalizing technigue.

k. For tube powers of 700, 1100, and 1400 KW, “sudder plug”
simlation was carried out with plug flow rates as low as
two to three gpm with rear header pressure of 75 psig and
initial cutlet temperature equalling 130 C. Tube power
ves reduced according to a2 programmed simulated 1100 ik
Scram as socon as severe film beiling conditions were de-
tected Dy hester rod temperature increase. In no case
was the screm initiated less than four seconds afher
plugging and obtaining minimum Panellit pressure. And.
in no case 4id heater rod damage OcZur Que TC aNCess Tem-
peratures after the scram was initlated. A check rur at
1400 KW with 125 psig rear header pressure indicatzs that
the higher rear header pressure allows a very smell in
cregse in the allowable time lapse hetween prugiing and
pover reduction. : :

Hydraulic Studies. Experiments were ccnducted %2 dsbermine tre relative
pressure drop for wwo different tyres of fusl 2lemert supporis using
O'| " (ﬁﬂw) N 52134 AMral alamentg v g 491 n T »iPlasz givrpaniam

alloy tube. One type support consisted of 2 piate {approximately 3/4"
wide by one inch long by 0.030” thick) welded with its plars tangen* to
tme demea vema Sl SometT iaee Mot oan

Ll Tham? AT s gt s T s e e g, ke gy
AT o e e Seras v e o pda i g kbt et e L L TR TS LELLLED --u-Un.-—n--':-—

handle" shape (approximately 3/1€" wiZe by 2-1.8" long by C.075" raised
portion) made from ~0.03C™ plate.

1249508 ——



The data show a AP for the flat plates which is atout 1.08 times the

A P for the "sultcase handles". This ratio varies slightly with the
rate and the temperature because of the conditions mentioned below.
-Me 1.08 value is somewhat of an aversge value for a f*cw of 30 to
kO gpm and = temperature between 15 and 50 C.

The data obtained show two 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 veriatiorn ir A P with fluid tem-
perature is greater for the flat plates than for the "suitcase handles”.
These two characteristics would lead one to believe that the flat plate
exhibits a greater proportion of wall shear stress than the "suitcase
handle" or conversely that the "sultcese handle" exkibits a greater
proportion of contraction-expansion type turbulence losses than the

flat plate. This compares well with the dimensional characteristics of
the supports in that the flat plafte has about sever times as mich surface
area as the "suitcase handle" and only 1.5 times as muich cross-sectional
projected area 2s the "suitcase handle”.

Critical Flow Experiments. Experimentation was carried out on criftical
flow existing in the flashlng of initially subeooled water +through skort,
sharp-entrance nozzles with diameters of approximately cne-hkalf inch and
lengths of one-fourth, one-half, one, and three inches. Holding the
nozzle inlet conditions constant at 100 psig and eitker 140 C or 160 C,
the back pressure was changed in small ircrements and the effect of
these changes upon the discharge rate was poted. The resulzs chbitained
were unexpected in that two Aistinct critical flows existed for the same
upstream conditions.

At a sufficiently low pressure differentiel acrcss the nozzle the usual
dependence of pressure drop on the flow squared was zncied. After a
certain critical downstream pressure was reached, the discaerge rate was
found to beccme independent of AP, ard this conditicn mormally could be
expected to persist for all dowrstream pressures less tkhar this velue.
‘This was, however, not found to be the case. By decrsasing the downe
stream pressure ruriher teo suck & valus that the Iowmsltresm preszurs
corresponded to the satuwration pressure st the upstream nemperature, a
distinet departure from critical flow was in eviderce. A further de-
crease in the downstream pressurs resulted in s re-establishment of the
flow squared-pressure drop dependence. When the Jdownstream prassure was
decreased even further, a second critical pressure differential was noted
after which a further dascresse in downstream pressure woeuld nct ceuse 2
corresponding ircrease of flow. Subsequent measured pressure profiles
incdicated that The lower valued critical pressure velus corrsszonded to
a choking condition which wes occurring in a zone near the erntrance
(vena contracta) of the nozzle at the axial position where tke prassure

was such that the water was saturated. This critical zone ceased <o

exist gt *ha ghowve mantionad comditiors. The secord or ]“!’.'1'1'1 pressure
differential critical was observed to apparently cecur at the nozzle

exit as vas expected. This "Jouble-critical™ condition was not in evi-
dence when inlet flow was saturated or at low quality, nor was it chserved

in nozzles where L/D ratio exceeded approximsiely the value of six.

. DECLASSIPPER™
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Boiling Burnout Conditions for NPR Fuel Elements. Laboratory heat
treansfer experiments were continuved to determine the beiling burnout
conditions of flows and heat generation rates for the NFR tube and
tube type fuel element. Thirteer boiling burnout points wers obtained
that are applicable to the outer cooling annulus of the fuel element.

Two different test sections were used in the experiments. Tihe first
consisted of ap annular coclant passage formed by a 2.390-izch OD
heated surface within a 2.70-inck ID process tube. The second test
section was a single heated tube with water flowing through tke inside
- in a passage possessing approximately the same hydraulic diameter as
the annulus in the first test section. Both test sections had heabed

lengths of 24 inches.

The boiling burnout points were obtained for the following ranges of
conditions: flow, 1,000,000 to 5,000,000 1lbt/hr-sq £t; cutlet
conditions, 14 F subcocled to 10% by weight steam; beat fiux at burnout,
595,000 to 1,695,000 Btu/hr-sq £t. 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
wves then decreased before the test section melted. Experiments were
termineted with the annulus test section due tc failure of thermocouples,
while the single tube test sectior 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 & full-scale experimental heat
transfer test section simdating the downstream half of an NFR charge

of tube and tube fuel elements. Efforts to develop weldirng techniques
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.

DECLASSIED
-

-
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Loss of Water in Iron-8erpentine Corcrets

Type T Type 1I

Bake Densitg Water Content® Densitg Water Content*
Temp., 9C_ (1b/f£t3) (1b/£t3) (1b/£53) (1b/2%3)
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 6.4 24 10.7

¥Includes water in serpentine.

The gamma dose rate (through 48 inches of concrete in %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 cbtain the total dose rate, the doge rate

- from the neutrons would be added to the gamma dose rate. Because of
the higher water content of type II, the neulron dose rate is expected
to be smaller thar that of type I. This information is rnot available
at this time; type II is being irradiated for the first time after
being baked at 320 C, and the foils from the 320 C test on type I are
being counted,

Shielding Instrumertatior. After four months of operaticn including an
instrument move, the miltichannel analyzer developed a marginal failure
in the adder circuit as well as several tube failures and a power supply
failure. Repairs bave been affected, and a major chassis realigmment
has heen completed.

Initial checkout of the new Argonne neutron chauler shows tThat The
calibration source has been spread inside the chamber So gsuch an extent
that the chamber is not usable in its present cinduition. Initial
checkout procedure is under way o ine origiral Argomne cheaner wolch
S = Aok . LI

is now vacuum tigrt, and resulits o date indicase tnad tls 2hzzber Is
usable.

Design and Component Tbsﬁi;g

NPR Crarge Machire. The order for 2 prototype magazine nhas besn placed.
Work ordexs were issued for febricatior of oue trarsfar arx as

one idler roll ass=mrly ard the power r2ll esseaxbly. Desigr o
magazine positicning asserkly is 65% complste.

WEAPONS - 300C PROGRAM

Resezrch znd dswvelopment in +he £ield of pluforium mefal_urgy comtined in
support of the Hanford 234-5 Building Operetions and weapons development
programs of the University of Celifornia Lawrence Radiaticrn Labceratory

(Project Whitney)}. Details cf *hese activities are reported separately via

‘distribution lists appropriate tc weapons development work.

209511 - DECLASSTED™
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PLUTCNIUM RECYCLE PROGRAM

Flutonium 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 acild 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 sdvanced for refabrication of these elements for
PRTR power operation. This design (Mark I-H) utilizes the 0.035 inch
wall 2ircaloy-4 tubing currently on order and scheduled for delivery

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

the latest development results: increased tube wall thickness <o

reduce collapse under reactor coolant pressure vhich causes damage on
thermal cycling and possible change of core alldy to improve separations
problems. : _

Fabrication Development. The pneumatic injection casting equipment

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=haif inch diameter fuel elements. Various methods of heating and
"hot topping" have been tried ir an effort to feed shrinkage porosity

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

Aluminum was injection cast into 89-inch long, 3/4 inch Alemeter,
Zircaleoy tubing that was flattened on & rolling mill to i1/4 inck by
one inch cross section. Porosity was significently reduced on the
twe castings that were made in the flatiened tubing; hcowever, the
thivkness of these elements was nct uniform beeause ths Injection
pressure expanded the l/h inch dimension of the cladding so that the
inlet end was 1/8 inch thicker than the opposite end.

In another 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 procblem and could have

UNCLASSIFIED
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a beneficial effect on the thermal ratcheting difficultiy 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 operatéed:

in & reactor. The rediographs of this casting revealed only two defects
and no porosity at the junctures of the slternately flattened sections
where it could be expected tc be porous because of the larger cross
section.

UNCLASSIFIED A-21 545¢

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 minimm 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 eveluated affer the rods are extruded.

Pinal fabrication of the Mark I-G end brackets for the PRIR loading

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

Fuel Evaluation. The eleven-inch long Zircaloy clad, 3-rod cluster
containing 1/2 inch diameter graphite lubricated Al-Pu rods which has
been irradiated 17.5 days in the GEE-4 loop has been returmed to
Hanford for examination. Dimensionally, the element appears to be
unaffected as & result of its irradiation, and no "crud" has formed
on its surface. The heat transfer portions of the rods, however, have
e mottled effect of lLight 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 sectioned.

The Zircaloy clad 3-rod Al-Pu cluster which has as muck &s rine mils
gap between the core and cladding has been reinserted into the loop
for an additional cycle of operation and the 42-inch long Zircalcy
clad UQo-PuQp element has been sent to the BIR for irradisticn. An
in-pile themmel cycling experiment of a 42-inch long T-rod Zircelcy -
clad Al-Pu element is being prcposed.

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 L49). During decladding operations on the Al-5i-Pu
a2ll oy specimens, it wes cbserved that machanical amn /or metallurgicel
bonding between the fuel core and the Zircaloy-2 end cap had occurred
on an ALSi - 20 w/o Pu alloy capsule (GEH-14-4%9). The sample operated
%ﬁsthe)reactor with a maximum core temperature (caleuwlated) 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 aend brake can be repaired in the heod.

The ges generating equipment for the hydrogen sintering furmnaces has
beer started up and found tc work satisfectorily. There is still a
considerable amount of testing end modification necessary before the
furnaces can be started up. ’

Work hes.been started on the loading hoods for the vibratory 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 Jensity
of full length cxide fuel rods is continuing. A feeding device has
been built, and the lead cask holding the sensing unit is being mod-
ified to mount the uranium colliimirator.

U0 Fuel Development

Fabrication Develcpment. The "Magnetic Force" Resistance Butt Welder
nas been installed and trial operated. Various welding perameters are
being investigated to find the optimum weld Jjoint design and machine
settings. Closures on 0.563 0D Zircaloy-2 clad fuel rods can te made
by this process ir air, vacuum, helium, or other atmcspheres. Tke time
of welding current flow is 1/60 of a second. Normal sequence of the
machine theoretically would permit making approximately 250 clsosures
per hour in arn air aimosphere and 60 welds per hour in a vacuum or an
inert atmosphere. The heat required for welding is generated by the
electricel resistance of the material being welded. Zircaloy and
stainless sveels are amenable to the process because of fieir relatively
high electrical resistance.

Zircaloy-2 clad, PRTR size fuel rods were swaged with lead as a core
material to provide dummy fuel slements for in-reactor peysics tests.
These rods will De assembled izte standard FRIR 1.9-rod fusl element
clusters.

A density of 97.5 percent of the theoretical wes chbhained by compacting
PWR type UO2 in a Dynapak machine under conditions which resulted irn a
density of 99.4 percent witk micronized UOz. Compactiorn ¢f the micronized
UGz at the same pressures, but ai rocm temperature, resulted ir denzities
approximately 83 percent of the theoretical. Equipment is being assexmbled
Tor resistance heating cf suainliess steel capsules Ior compaction <Xper-
imerts =% hizher temerotares.

A = - TR TR T R L e e e S s
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Hot swaging of -100 mesh U02 in Incorel-X tubing at 1200 C resul*ted in a
dersity iInoresssg of 10 per:

swaging at room temperaturs. The cladding wes resistance heated through
graphite contacts.

UNCLASSIFIED
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Twelve fuel elements were fabriceted by vibrational compaction for
measurements in the PCTR by Nuclear Physics Research. The UQp 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
alwminum 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 & central colum of undersized pellets,
embedded in vibrationally compacted powder also are being investigated.
Zircaloy-2 tubes, 0.505" ID, were loaded with sintered pellets,
approximately O.465" diameter. The pellets had a density of 94 per-
cent T.D., and were badly chipped arnd cracked. Fused UOz, 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 UQp core was $3 percent of theoretical UQp density, and
radiogrephs showed neerly perfect alignment of the pellets in the center
of the rod, with the powder uniformly distributed and tightly packed
around them. Capsules are being prepared for irradiation. One of the
potential applications of this method is the fabrication of fuel slements
containing mixed wrenium and plutonium oxides in any predetermined gec
metric distribution.

The Genisco-Savage T750-pound force vibration system was transZerred to
the Radiometellurgy Building for febrication studies of recycled,
electrolytically reduced UQe. .

Corrosion Studies

Zirecaloy Fretting Corrosion Tests. The first freftting test on Zirecaloy-2
has been completed in CEP-2 &t 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 wvelocity, clearance between the splder
and tube, vibration freguency of the system, and contact area. BSeveral
significant cbservations have been made:

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

2. Fretting is the same at 15 and 30 ft/sec flew velocity.

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

e P | - o = S, k= hl - T L 2 P L)
L, Fretiing increasss when the natural witraticns of th

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

5. Penetrations after three weeks are estimated tc be

appreximetely one mil with no external vibraticn and
one to two mils with an additional one cps vibration.
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The test 1s being continued studying clearances of 20 mils and 50 mils
and supplemental vibrations of three cps. Preliminary data indicate
that cleerances as large as 50 mils do not result in as severe fretting
as smeller cleerances and that fretting is more rapid at higher fre-
quencies. It was observed that mich more extensive penetratior tock
place where a Zr-2 member was contacting the sharp tkreads of & sek-
screw than where larger contact areas were involved. In another test
ar eight-foot single-rod FRTR fuel element with the wire wrep cut at
one end to simulate & broken wire was exposed for one week in pH 10,
30C C water. There were no signs of fretting on the fuel rod or wire.

Corrosion of PRTR Shroud Tubes. Fiain and Siressed Coupons of 6061-T6
aluminum alloy have been exposed for a month to a flowing mixture of
water vapor and helium at 305 C and atmospheric pressure. The water
vepor is in equilibrium with water at 70 C. No highly localized cor-
rosion has been observed, arnd no measurable weight gairs have been
obtained.

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

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

Structural Materials Devel opment

FRIR Process Tube Monitoring. The Mark I prototype process tube
menitoring equipment is being developed ard assembled +o inspect the
process fubes in place in the »eactor prior t¢ power operation. De-
velopment testing of lens and lighting systems is procesding witk the
2id of a rented TV camera. Delivery of an improved camera is pPromisad
for August 1. An ID measuring device employing differential trans-
formers is being developed by PIRDO, and assembly of a test model has

begun.

A mechenical device for accurately positioning the sersing head in the
process tubtes is essentially designed and procurement of <tpis and othew
needed auxiliary equipmeat is in progress.

Mark IT Process Tube Monitcring Development. In contrast to the Mark I
monitor, the Mark II monitor must perform in & high intensity gamms
radiation environment. In addition to TV viewing and ID meagurement,

devicas will be dsveloped ¢ me2asure ths wall thiciress and zas gap and

to detect flaws and hydrogen pickup.

Irradiation tests nave Deern started to determine aceeptanie componerts
for a television cameras to operate in the hign gemma field %o be en-
countered in the PRTR. Little change in characteristies of vacuum
tubes, other then browning of the glass envelope, was noted after
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106 roentgens gammoe radiation. Little change was noted after the same
irradiation on & p-n-p and one n-p-n type transitor while ancther n-p-n
type showed a 35% change in bese conductance and resistance. The peak
current on a tunnel diode decreased slightly after the same irradiation.
Corning Glass Company purified fused silica appears to be the most suit-
gble material for optical and lighting systems and vidicon face plates.
Current information indicates that little darkening is encountered to
at least 109 R total gamma. Samples have been ordered for comperative
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 gams
on barium titanate, lithium sulphate and quartz uwltrasound transducer
crystals for a Vidigage wall thickness tester. A special barium titanate
crystal probe curved to fit the PRIR tube ID has been received from
Branson Instrument Corpany for evalustion of wall thickness measurement
from the inside using only water for ultrasound coupling.

Instrument Resesrch 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 2 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
ls more sensitive when the gap thickness is small.

KER Loop 1 Tube Examination. Two 15-inch tube samples were cut from the
Zirceloy-2 tube irradisted in KER Loop 1 and delivered to the Radiometal-
lurgy Laboratory. Thorough examinstion of the inner surface of sample #11
failed to show the pit defect reported in the in-pile borescope exsmina-
tion of the tube. Several spots which, prior to splitting of the tube
sample, appeared to be pits were actually spots of crud depeosit. The
bottom half of the tube was generally covered with a reddish film while
the film in the upper half wes more spotty and localized. A full cross
section of the tube is being examined by metaliography. To facilitate
handliing, polishing, etc., the cross section has Deen cut imto 3ix
segments. One segment from the upper half of the tube has now been
examined metallographically. It was found that recrystallizsation to the
extent of more then 50% had occurred. At the extreme outer surface, very
substantial grain growth had occurred. From examination of this cae
specimen, It is anticipated that recrystallizetion will be found in the
entire cross section of this sample as further metallographic examinaticn
is carried ocut. 1In this one sample there was no metallographnic evidence
of hydriding. Examirnation for hydridicg will be continued.

Zirceloy Sheath Tubinz Evaluation. The first fifty-five 0.505-inch ID
Zircaloy-2 sheath tubes from Order No. HOK-42400 for 200 tubes were
Inspacted by Hadicgrephi: Testing Opersiicn and the resliz yeported,
The vendor specifications for this order require outside surface Zyzlo
examination for acceptance and inside surface Zyglo examination for
record only. Routine inspection at Hanford includes wWiirasonic and
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eddy current tests orn a 100 perczent basis and spot checking with Zyglo.
‘During routine irnspection at Hanford, all 55 tubes passed the <ddy
current test, 18 randomly-selected tubes passed inside surface Zyglo
examination, 25 failed tc pass the ulirasonic test, and five of the 25
also failed to pass +he outside surface Zyglo examingticr. Tkese five
tubes will be returaed to the vendor for credit since they skhould have

beer rejected by the wverdor.

Failure of the Zyglo test to correlate with the ultrascnic tes% was
traced to the presernce of & surface film of oil or greass which pre-
vented the fluorescent dye from entering the surface defects. This
informetion has beer fed back ¢ the vendor for remedial action on

further shipments.

‘Radiometallurgy Laboratory Studies

Services, equipment, ard additicnal shielding are teing insteiied in
the decontandinetion cell for fabrication of fuel rods from partially
decontaminated, electrodeposited UOp (RM-328). Examination of Zircaloy
clad Pu-Al rods showed alwuminum diffusion inte the cladding ard hy-
driding of the Zircalcy (RM-656). Internal pressure distorted but did
not rupture the end cap of a swaged UDp capsule. A large quartity of
fission gas was withdrawr from the capsule (RM-607). A purposely de-
fected, swaged UO2 capsulie was examined to dstarmire hydridirg of the
Zr-2 cladding. Hydride concentratior appears tc 5C ppm twec inches
from the hele but only 10 ppm at the hole (RM-A05)}. Tke causs of
feilure of a UOp rod-and-tube element was found +0 Me reazhicn hetween
Zr-2 and UQo at the site of localized heating (RM-601). Complete
sinterizg and some relocation of the fuel was revealed by examiraticn
of a UOp-PuQp capsule (RM-653).

Results and interpretations of these examinations will Te reported in
more detall in connection witk the respective development rrzgrams of
Fuels Development and Flutonium Metallurgy Operations.

Thermsl Hydrauiic Studies

Problems of a Smeil Lesk Downsiream of +the Orifice ir a PRIR Process Tabe,
‘A small leak downsiream of the orifice of & PRIR DIoCESS TUCE WIuis Sig-
nificantly reduce the flow past the fuel elemert without csusirg 5 sig-
nificant increase in the flow througk the £low monitor, Protecticn sgaingt
fiows which might cause Holling turnout Ty mesns of a higs £1lzw frip

would be questionable under ceonditions of original Zesign. Tze decisicr
nas been made to ravise the supply characteristics m¢ Za8ke & kigh flow
trip faesivle. Elimiretion -f +he comszrvedizm of the origimel anzlveic
of thig problem reveals thai if the ring header 4o rirg headex preszure
drop were decreased by 20 pounds and the tube irlet orifice revised %o
provide sbout o 28 psi Pricticmel pressurs dnp. & hLigh Tlow Srip of 11T
would provide adequate protection. The decrease in the ring =zader to
ring header pressure will be acccrplished by trimming the primary pump

impeliers. However, since ths conee“mﬁ'ism QfF the corigirval aralysis has
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been eliminated, nemely 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 I1I PRTR Contract. The Phase III contractor is estimated o be
about 00% completed as of June 1, 1960, versus a scheduled 95% based on
a contract completion date of June 2L, 1960. Qver-sll PRTR Project is
estimated to be about 91% completed versus a scheduled 93% based on the

revised project estimate.

Instellastion of the reflector vent line on the calandria was successfully
completed, and the calandria was installed on May 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.

Asgsembly of the fuel handlier 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 cesk to permit travel across
the reactor hall floor, which is out of tolerance in & number of locations.

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

The first river pump was tested and run-in for the six-hour pericd
called for in the accepbance test. The power cable to the second pump
was defective and failed during sterting. 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-dsy run-in of these pumps will be started.

The Fhase III contractor haslinstalléd the periscope support plate, the
vertical shield, and the cover blocks in the Fuel Examination Facility.
This completes the installation of the shielding cbtained 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
nozzlies. is is particularly txue in the primary systenm between the
pumps, HX-1, and pressurizer.

The rotating and staticnary secondary saZlelds have Leen prime coated

and moved inside the containment vessel preparatory to closing the large
construction opening in the containment vessel.
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Assembly of inlet jumpers and of outlet ring header and jumper piping
began. The outlet face mockup from 31k Bullding was loaned to the
contractor to assist in set up of the outlet rpiping. Some bends having
poor appearance are being checked for w +thickness uliresonicslly.

Instrumentation and Ccntrel. Attempts are being made by the perel
vendor to obtain replacement DC to AC inverters for power supplies to
the Keithley emplifiers used in the containment system. The inverters
originally supplied require 2% voltis DC input; panel wiring provides
125-volt DC input.

To provide beck-up in case the panel vendor fails in Lis attempt to
cbtain inverters cperable on 125 volis DC, design has staried on &
24-volt DC power supply with battery back-up. In the meartime, &
temporary line will be provided supplying 115 volis AC o the amplifiers.
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Load-Out Cask. The vendor resubmitted the cask drawings with the re-
quested chenges incorporated. The drawings were approved and returned
to the vendor. Fabricaticn 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 Critical Facility (Project CAE-842). 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 welr, the control and
safety rods, the thimble tubes, and the source positioner has Dbeen
started.

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

Fuel Element Rupture Test Facility (Project CAH-867). The revised
project proposal, ow-6L4309, which requests total funds, has received
approval at HAPO and has been forwarded to Washington for Atomic Energy
Commission action. -

The test of the design criteria is being routed for approval. Prelim-
inery procurement specifications for verious special items of equipzent,
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 anslyses has continued. The objectives of these
studies are to determine the behavior of the system during various
disturbances and the effectiveness of convective circulation of coolant
after total power Tallure.

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

Design and Component Testing

Design Test PR-1 - Discharge Operation Mockup. The design of the revised
shroud assemply for the PRTR fueling vehicle wes completed.

PR-1C - Primexy Locp Meckup. PRIR prizary process purp I:. 3s2k7,
which required 52 oz-in balance correction cn the flywheel on April 23,
required only three oz-in correction on April 27, when it was re-
assembled after inspection of the mechanical seasls. The change in
imbalance was probably due to looseness in beering fits or flywheel core.
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A hot test of 68 hours on pump No. 352k71 was completed on May 2. Vi-
bration of the pump shaeft 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 fouxr primﬂiy process pumps are now at the Byron-Jackson factory
undergoing the following modifications:

1. Double the moment of inertia 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 flyvheel
core, impeller core and besaring races.

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

5. DRebalance 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 reised 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 & new self-adjusting seal
assembly which breaks the pressure down across two sets of faces. A
100-hour hot test on this sssembly 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 found to be in excellent
condition. The pump was reassembled with no relappirg of seals and kas
since operated 162 hours. Leak rate has now decreased %o 1.3 gph.

The R/M Vee-Flex packing riﬁgs, Style # R/M 1204, installed on “he smell
capacity Aldrich pump, have operated 360 hours with a very small leak
rate. _ .

Prccess tube #6063 was re-installed in the sirnglsz tube prototype loop
and was operated for 255 hours and six thermal cycles during the month.
Total operation for tube #6063 at simulated reactor conditions is now
22335 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

! M. = h - - -k _-T = - Lv e -
2.2 ml/ar. Tis seal was made withoui shimming, and Lo spparent rezscn

has been found for the high leak rate. A new gasket Las beer installed
in this location.
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The special NTPT test piece was operated for 350 hours at 500 F and 33
temperature cyclea. Two gaskets were tested witk shimming and two
without shimming. Ileak rate for the unshimmed gaskets averaged less
than 0.2 mi/hr. Leak rate for the shimmed gaskets continued to be
excessive, ranging from one to ten ml/hr snd became progressively worse
with increase in cperating time and temperature cycles. Bolt loading
of the gesket 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 reliable. 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 et 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 cperated for 210
hours and 20 temperature cycles with a leak rate of 0.4 mi/hr. A re-
designed cep plug incorporating & 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 scheduwled for June 25.

The four assemblies received fram 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 bas thirteen additicnal drives in various scages of final assembly
and testing. These thirteen drives are scheduied for shipmen: by June &.
Completion of the last seven drives is contingent on replacement motors.
Delivery of these motors is being expedited. One motor, which was here
for testing, has been shipped to APED.

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

PR-80 - Air Cooling Duct Tes:. Finmal teszting of the air ducts was
completed, and operation of both ducts was setisfactory.

Special Tools. Fabrication of the load-out cask p'in and hanger remover
has been completed. Initial testr indicate that the design 1ls fesgible.
Fabrication of a mockup to facilitete 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
removel tools was started. )
Drawings for the nozzle elbow cut-off saw were issued for comment.

Electrical Structural QOpening Seslers. The final report, HW-64972, was
issued.

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

Fecility.

Design Analysis

PRIR Safeguards Anslyses. Analyses presented in HW-61236 SUFL, 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 Evaluation Branch, AEC, on May b,
in Washington. No objections were raised to the actions indicated or the
information presented in rezard to the ACRS comments. The proposed
changes in the limits for exhaust air asctivity and reactor thermal power

were acdepted.

The PRTR Sub-Committee, ACRS, recommended that furthker consideration be
given to the installation of a particulate filter ir 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 lesks in the range of 65 to 108 gpm. It had beer propcsed
that safety circuit trips to protect against the consequences of 85 to
108 gpm procegs tube leaks be initiated by pressure switches in the
reactor dry gas system and the lower access space when the pressure in-
creased in these locations @s a result of process tube leaks. As indi-
cated in HW-61236 SUPL, the present tube orifice design restiricts the
flow increase resulting from a procesa Sube leak surficierntly to prevent
e high fiow trip unless the process Tube ieak is greater t-an 108 gpm.

It is now planned to reduce the excess dynamic head of the primary coclant
upstream of the vernturis sc that a precess tube leak of 65 gzpm or greater
will resuwit in a safety circuit trip. Proceas tube leaks less than

65 gzpm may result ir balk boiling but not iz film Loiling.

PRIR Startup Preparations. The Hazards and Restrictiozs & Ty section
for the PRTR Critical Test document was discussad witi the Startup Council.
Commerts of the Council were incorporated, and the sschicr prepared for
firal publicatior. .

Writing of PRTR Process Bpecifications continued. Fifty percent of the
~zcess Specifizeticns have Yeen writdez In rough drzls form. ThRIrty
percent have been rewritten in final fcrm, incerporating comments of the
PRIR Startup Council, ard six specifications have beern approved by the

Council,. :
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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.

PRIR Process Tube Ruptures. Calculatione were made to determine the flow
transients following various size ruptures in a PRIR process tube. In
each instance the rupture was assumed to occuxr at the base cf the fuel
element and the reactor was scranmed within about ore second following

the rupture.

In meking the caleculaetion, the following sequerce of everts was assumed.
After a rupture occurs, a steam-water mixture will discharge from the
break. Dependent on tke size of the rupture, flow will originate either
from both ring heeders or from only the bottom 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 essumed o be
vapor locked and no longer coperable. The reactor coolant at this point
was assumed to be stagnant. At this time flow tc the break will be from
both the headers for all rupture sizes with liquid cr steam-water mixtures
passing from both legs. Tre liquid in the heat exchanger, outlet 14"
pipe, and top ring header is discharged through the process tubs leg.
Simitareously, the inlet 14" line i being drained through the inlet
Jumper leg. Wken the entire outlet piping, heat exchanger, end cne-hall
the top ring header haé heen drained, it wes 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 Jdue to tke
expanding gas volume thus decreasing the helium partial presgsure. The
pressurizer pressure will drop from 1040 to about 800 psia duaring the
time required to blow down the affected prccess tube. After the process
tube is blown down, the pressure decay rate increases since tihe D20
vapor pressure is alsc being reduced to creatzs the rnecessary stesnr flow
rate at the existing system pressure. After the procsss tube is blowr
down, the affected fuel element is cooled only by superheated steam
until the system pressure decays to 100 psie and emsrgency lignt water
Injection begins.

Rupture sizes with equivalent diameters of C.75", 1.12", and 1.38" vere
exemined. Following a rupture ths criticsl pericd cccurs afser the
precess tube 18 bDlown down. The critical process tube is depenient upon
the size of the rupture. Lorge ruptures will allow larzs stearn flovw
rates in the affected tube and thus prevent excessive Tuzl element tem-
perature rises. The large steam flow mey, however, cause tke 1ntaet
process tube fuel elements to become uncevered {(due to Loss of Liguiid
soglant) 2nd thus To experience gxcesgive ferperatures. A small muptire,
on the other hand, wiil limit the steam flow in the affected tute and
p0551bly cause high temperatures. The small lesX rave will reduce the
possivilivy of uncovering fuel slements in imtach tubes.

The 1.98" hole size was examined to determine how long & %ime an intact
process tube fuel element would remain wncovered. Assuming that oniy
the steam flow discharging from the process tubs leg is removed from
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the reactor core inventory ¢f 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 1b/sec. Since about a 0.2 1b/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 temperstures. The O.75" diameter case was calculated to
determine the time available before steam flow over the affected fuel
element becomes inadequate. For & rupture of this size, however, the
total discharge rate decays to less than the maskeup feed rate of 32 gpm,
and hence before the steam flow rate becomes iradeguate, the remctor core
is filled and DpO spills over into the affected process tube. In other

* words, & steam flow rate of less then 0.2 1lb/sec in the affected process
tube apparentiy will not occur.

Critical Facility Analyses. Analysis of the worth of contrcl and safety
rods in the PRPCF has been initiated. The variation of rocd worth as a
function of radius predicted by the IBM-709 Code RECON has been compared
to the variation expected from the statistical weight distributions
determined in multigroup calculations. This comparison reveals that the
representation of statistical weight by /Jo ( ARJ/2 es in RECON approxi-
mates very closely the exact weight Pp*. ( & is the major radiel buckling,
R is the redius, P is the radiel flux, and @% is the radial importance
function). -

Kinetics studies of the PRCF have been initlated in support of the hézards
eveluation of the system. Data to be used in an analog study are being
compiled. : .

Caleulations of radiation dose rates for the final shield design of the
Criticel Facility are under way.

FRP Shielding Analysis. A review of the PRTRQO liszt of potential scurces
of rediation was compieted. This review resulted in a recommendatior
for shielding around the air filter on the PRTR fueling vehicle when
handiing ruptured fuel elements.

The radiation dose rats at a point immediately outside the 26" and 12"
steam line penetratiors of the PRTR contaiament wvessel was calculated
to be in the range of 175 to 200 mr/hr during reactor coperation. I% was
recommended that seven inches of steel shielding be provided for these
penetrations.

PRP Physics Anslyses. The S-4% One Group Transport Cylindrical Cell Code
has been prepared for use, and a document concerning the code has been
published as FW-£503..

Reactivity and moderator level change versus reacter period nave heen re-
calculated using revised delayed neutron fraction values. The results
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Mcoderator at Step Level Increase of
H&lf Level (55“) - 1/2" ltl 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 lLevel (106")

Period (sec) » 200 104 61

Reactivity {mk) - 0.525 0.788

Work on two dimensional enalysis of the PRTR core is continuing. This
work is to be performed with the T09 ANGIE Cede.

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 sbout 1.3 to 2.4 percent) was estimated to result in an additional
reectivity loss of about five milli-k. This can be compensated by the
addition of one spike element.

Beat generstion and reactivity studies of twe 7-rod cluster fuel element
configurations were completed at the request of FPlutonium Metallurgy
Operation. In one case each fuel rod contained a center region of de-
pleted U02 surrounded by & mixture of PuOp and natural UOp (0.35 w/o
Pud2). For the second case each rod contained a center region of Mg0O
surrounded by a simllar Pu0p-UCs mixture. Heat generation calculations
were also made for several cases of sclid Pudp cores of varying rod
diemeters and densities, surrounded by MgO. This work was perfcrmed
utilizing the IDIOT and S5-4 computer codes.

Plutonium Fabrication Pllot 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 wveszdor
representatives. Startup work on the sintering fuwmaces is upder vay.

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

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

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

way at month's end.

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

PRTR Operatiors Planning .

Pre-Startup Activities. BSeven operating procedures were issued during
the month. BSeven additional procedures will be issued in June. The
remaining eight procedures will be written when sufficient BPFF 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, Qperations 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 determinations on each of
the three heavy water systems. Accordingly, & recommenda*tion was made
to the PRTR Startup Council to eliminate Design Tests U4l, 42, and 43
from the Design Test Schedule. These tests pertain to light water
volume determinations of the three heavy water gystems.

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

The PRTR Electrical Manual was issued to interested PRP personnel.
The merual will be used in the electrical system treirirg program

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

Stock Adjustment Requests have Deen prepared for all spare parts
cengsidered to be of a high-priority nature.” A number of bids hawve

beer reviewed and orxders pleced. Purchasing has beern asked to

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

Liaison is in progress with Facilities Engineering Operation who will

coordinats "Third Party" inspection and pressurs vassel review Sor

PRTRO.
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Startup Tests. All design tests, except the light water injection
system test, have been submitted for final coperational 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 Heant-Up and Cool-Down, and Equipment

Malfunctions.

FRIR Training Program. The general writien qualification examination
on the reactor and its systems was taken by thirty-one members of
PRTRO. In addition, four persons took the written exemination on the
automatic controller, reactor safety systems and other operatiocnal
features 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 elarm annunciators.

2. PLUTONIUM CERAMICS RESEARCH

Experiments during the past month on plutonium carbides have been
directed toward obtaining data on the kineties of the resction

Pulp + € ————— 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 parsbolically 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 dependert on carbon
content and temperature. -The following phases were present after
1.5 hours at 1575 C in vacuo. The quantities of carbon represent
thet in the starting materials and are, respectively, 50%, 75%, and
100% of the cerbon needed for stoichiometric PuC formetion.

Pure Pu0p 50111% E zsP:?g E 100P2?‘§ E
85% Puop 65% Pudp 15% Puop 50% 0L Pup03
1576l Pug03  35Bcl-Pug03  15%d-Pup03  50% Puply
708 (3 Pug03
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From this experiment the reduction route appears to be
Pulp — &> -Pup03 ————> @ Pup03 ————p BPu carbide..
It is thought that the 50% PupC3 may have formed from @ -Pug03.

This mechenism of cxide reduction and carbide formetion has also been
cbsexrved by heating, at constant time, to progressively higher tem-

pera.tuﬁes. -4 -PuaOz is a close packed hexagonal structure with ag =
3.827 R end C, = 6.027 &. Very little PuC has been formed from PuQp

and the major carbide phase is always PugC3. This is probably the
result of poor tempersture control with the large induction coll, 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 PuHz at 1450 € in vacuum. The resulting cubic
structure had e lattice parsmeter of 4.968 R.

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

tester.
% Theoretical Density oo U02-60 Pulz
&7 140 90
1 180 -
73 -- 245
76 230 -
7 - 125
81 . -- 325
85 355 --
g1 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 UQp, a very sharp hardness increase is seen between 8% and 51
percent of theoretical density. High density () 94% TD) pure Pulz
pieces cracked under the 10 kg load, and it may be necessary fto use &
smaller load or different type of herdness test for these extremely
brittle pieces. It is intended to obtair hardness data on capsules
discharged from the MIR.

Examination of the 24 irradiated UO2-PuOp high and low density capsules
is in progress. A brief summary of the fission gas measurements ob-
teined to date is as follows:
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GEH-1k Ne. 19 - 21 90 83 87 88
UOs-Pulsp, (8/0 Pudp) 0.0259 0.0259 0.0259 1.02 4.13 5.67 .
Pellet Type meo(l) Moo wi(®) M MM MM
% Theoretical Density 90 65 gl 93 91 91
Fission Gas Analysis:
: Ky, (%) 2.8 1.23 <¢0.1 < 0.1 0.19 ¢o0.01
X (%) 1.5 11.4 <0.1 0.1 0.89 4.3
Fission Gas Release,$ 23
Burnout of Total _
Atoms, (a/o) 0.18 0.13 0.15 0.15 0.16 - 0.10
Calculated Initial Core
Center Temp. (°F) 3400 1600 2300 3800 2500 3100
Centrel Void :
Formation No Yes No

(1) MCO = Mixed crystal oxide (UOQ:PuOQ::B:l) diluted with natural Ulo.
(2) MM = Mechanicel mixture of PuOz and natural UOp.

Facilities. The thermal conductivity device and controls were moved and
ingtalled in the 308 Building during this periocd. An initial testing of
the device showed that the recireulating pump contributed a significant
amount of heat to the cooling system. Calculations showed that approx-
imately 208.6 k-cal vere added to the system at equilibrium conditions.
This additional heat may necessitate some changes in the cooling system.
Under the present conditicns, 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

as vacuum pumps, furnaces,. and a cathetomster have heen rec=2ived or are
‘on requisitiocn. '

The Perkin-Elmer-Shell Model 212 sorptometer is being investigated.
Perki=-FElmer literature maintains that this spparetus grestly simplifies
apparatus requirements and significantly speeds analytic procedure.
Although BET data are now the most widely accepted, the sorptometer

mey be a wseful complement. Pricing and availavilitvy information has -
been requested.
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3. URANIUM DIOXIDE FUELS RESEARCH

Fuel Evaluation. BSwaged UOp capsules attained an estimated exposure of
approximately 16,000 MAD/T in the MIR and ETR. Electrolytically reduced,
vibrationelly compacted UOp was successfully irradisted tc 3500 MWD/T

at heaet fluxes in excess of 1,250,000 BTU/nr/ft2 at the Zircaloy-2
surface. No failures of swaged U0z fuel elements have occurred during
irrediation.

The third in a series of tests of deliberately defected, swaged UCs 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 fissicr gas release

is attributed to the use of more finely divided UOp. The Zircaloy-k
clad element is being sectioned to defermine the extent of hydriding.

To study higher operating temperatures for swaged UQs fuel, two T-rod
clusters have been fabricated with rod diameters of 0.906". Depleted
U0y was swaged to 86 percent of theoretical density in the 0.032" wall
30k stainless steel cladding. The three-foot long clusters have a
central rod with six rods positioned around it on a 2.062" diameter
bolt cirele. The clusters have been flow tested and are ready for ixr-
radiation in the ETR 6x9 loop. .

A three-foot long, T-rod cluster of UQ2 swaged irn 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 Zircsloy~4 have been
purposely defected with 0.005" diameter holes to study hydriding in the
cladding and to gain more informeticn on fission gas release under ine
reactor rupture conditions. All rods complied with FPRIR fuel standards
before being defected.

A vibrationally compacted, Zircaloy-2 clad fuel assenbly was discharged
after 2k days of irradiation in an ETR loop 2t & coolant femperature of
524 F. The three-foot long, 7-rod cluster contained fused UCz. The
assenbly will be returned for post-irradiation examinasiorn.

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

Detalled evaluation cf elsciron microsczope features, performance, and
applicability to ceramic fuels research was completed. Performance and
design characteristics lead tc the conclusion that the JEM instrumrent
can best £il) our needs. Bids have teen received.

The contract with BMI for continuation of thermal conductivity measure-
ments of both irrediated and unirradiated UQa was reactiveted. New

Ancther in a series of UQp thermal conductivity specimens was remcved
from a Hanfoxd rescter after approximately two years ¢f ixvadiation;
it will be sent +to DMI. :
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Melting points 50 to 100 C higher than that of unirradiested UOp were
determined in preliminary studies of irradiated UOs in a shielded,
high temperature microscopy facility. Additionel melting point de-
terminations and cther studies are continuing.

Samples of irradiated uranium dioxide have been shipped to Harwell,
England, for fundamental studies. Similar samples have been used
by Ceramic Fuels Development for thermal ceonductivity 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 #U is continuing

to perform according to design expectation at a control temperature

of 550 C. The internal spacers in these capsules have been redesigned
to handle heollow, split, c¢ylindrical specimens that will bhe irradiated
in subsequent capsules of this type and componernts are beirnz febricated.

The split cylinders are about one-half inch in diameter, one-half inch
long, and have a 0.030-inch wall thickness. Calculetions indicate that
the temperature Eradient ac*oss the specimens wouid be less than 10 C
in a flux of 1oL secl, Preliminary tests indicete that these
specimens can be readily handled in the Radiometellurgy "Hot Lab”
facilities with respect to density, metailography, hardness, etc. Dus
to the small size and the large surface area tc volume ratic of these
¢ylinders, there was some question as tc¢ whether high precision density
determinations could be made. Accordingiy, four specimens having
weights greater than 2.1 grams and less than 5.5 grams, and having
different geometries were subjected to critical density measurement to
establish reliability limits. Three immersion liquids, EpQ, Hg, and
tetrabromoethane were utilized for density measursnents. Determinations
in Hg give poor precisiorn and accuracy; the precisions for tetregbrome-
ethane are better thar those for water as the immersior medium, For the
2.1~gram uranium hollow cylinder employed, the orzanic 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 swelling capsules that were assembled
for the irrediation test all feiled during hench tests ccnducted prior
to shipment to the resctor. The failures were due to the internal heater
connection shorting te 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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caleulations, operaticnal characteristics, temperature and power limits,
and cooling water requirements performed satisfactorily during bench
testing as more clearasnce 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 wranium. Various applications of microscopy to
irradiated and unirrsdiated uranium are being investigated.

A precharacterized metallographic specimen, one of a series of six
irrediated in the MIR to burnups as high as 0.25 a/o at low temperatures,
is being processed.  This specimen, GEH-14-33, irradiated to a calculated
burnup of 0.03 a/o 2t a maximm tempersature of 200 ¢ increased less than
one percent in volume. The diameter of the cylindrical, 15-gram specimen
increased from 0.5017 to 0.5030 inch, and its length remsined the same.
Optical microscopy on replicas of the specimen clearly shows evideance of
extensive grain distortion and twinning on the free surface; coriginal
microhardness indents have been sheared and partially displaced within

a grain, and Bierbsum microhardness scribe lines show nonlineariiy 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 tempersture less than

200 C. TFeasibility of bonding uranium to uranium by dbutt welding apd

by contacting a droplet of molten uranium with a c¢cld clean surface of
uranium is being studied. If & sharp narrow diffusion bomd as revealed
by differences in the uranium microstructure on either side cf the bond
can be achieved, then non-irradisted uranium will be honded to irradiated
uraniuvm and the sandwich will be subjected to annealinz studies. The
purpose of this study is to establish the mobility of fissiorn gases
present in the irradiated portion of the couple ianto the non-irradiated
portion. S8ix experimental couples are being sectioned and pclished for
metallographic analysis.

Specimens with a burnup of 0.29 and 0.4l a/0 burnup, respectively, are
being processed for short-term post-irradiation annealing studies to
parallel previous longer term annealing studies. Statistical analysis
of pore diameter frequency distributions ir the annealed specimens I1s
continuing. ) :

5. IN-HEACTOR MEASUREMENTS OF MECHANICAL PROPERTIES

This program has been initiasted to determine the mecharical properties
of structural materials durirg irradiation. Currently, *the study of
in-reactor creep properties of Zirecaloy-2 is in progress. The specimen
is annesled Zircaloy-2, and & 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 holding
the stress at 30,000 psi. An Iincrease 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 10-° in/in/hr. However, technical difficulties with the in-
resctor instrumentetion have not permitted any significent 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 errstic. The transducers are still satisfactory as determined

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

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

mede on the instrumentstion on the milti-ranged transducer monitors for
the second generation capsules now on order.

A plant visit was mede 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 tc be more reliable than the prototype now in use. S

The design is being prepered for a capsule capable of operating in a
vertical position in the ETR at Arco, Idaho. The major difference in
the capsules 1s the smaller size required for an ETR instrumented
irradiation.

GAS-GRAPHITE STUDIES

EGCR Graphite Irradiation Tests

The irradiation capsule for the third GETR experiment has heen completed
and was installed during the Cycle 13 shutdown sbout Mzy 20. This
capsule contains graphite similer to the type to be 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 reviewsd. The Hanford
analysis indicates that combustion temperatures will be lower tharn those
previcusly predicted by Allis-Chalmers. The ignitior temperatures under
EGCR transient conditions have not yet been computed, tut the A-C
computer procedure is being modifled to run calculations hased on pre-
dicted oxidation rates.

Smell-scale laboratory experiments on the combustion of zraphite in
oxyzen are currently being used to check critical assumptions in the
oxidation rate calculation, The full scale EGCR burniag prototype 1s
scheduled to be completed in sbout three weeks and will be Immediately
utilized to test the equations for predicting igniticn temperatures.

Graphite Oxidation by Oxyzen

Oxidation studies on CSF graphite at temperatures of 530 C to 700 C indi-
cate 8 zers order reaction with respect towxygen in that renges. Rates
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in air are within experimental error of those observed in pure oxygen.
An activation enerzy 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 COs 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 COp and seven percent mass number
28 (CO or Nz). The graphite sample and the walls of the capsule were
deposited with a dark-black, sooty material.

Microwave Studies

A microwave glow discharge was established in COp at pressures of 175,
300, and 500 microns of mercury. At ecach pressure, input power levels
of: 63, ok, and 125 watts r.f. were used. The glow discharge cell
was positioned in front of a 50-micron input slit on a Jarrei-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 sppears
that the x-ray diffraction line shape is affected more sipgnificantly
than ‘the line position. It is worthwhile to attempt a more careful
analysis of the changes in line shape during annealing since further
insight intc the state of the damaged graphite might be zained. One
technique, which can be used, is the Fourier analysis of the Jif-
fraction lines. A T09 ccrputer program designed to yleld the values

of the complex Fourier component, corrected for instrumeatal broadening
in the manner of Stokes/Proc. Fhys. Soc. (London) 61, 382, (1942)f has
been completed by Data Processing. Since a general formulation was
made, the progrem is not restricted to the analysis of any particular
material .

Pyrolytic Graphite

A number of pyrolytic graphits samples, cbtaized from FERL as part of
HAPO Contract ATH-HLO-3-60, have been characterized by x-ray measure-
ments and ere being prepared for irvadiation. A range of Cg lattice
spacings was found from 6.70% X, a value characteristic of natural
flake graphite, %o 6.89 %, which wculd be charzcteristic of highly
damaged graphite. Apparent crystallite sizes ranged from 4O 2 to
greater than 2000 X. These extremes were exhibited or materisls from
a single deposit; one having teen heat  treated to 300C C. Since
the two materials are identicelly made except for heat treatment, the
analysis of the beshavior of the materials under high temperature ir-
radiation should be simplified.
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Graphite Coatings

Coated samples of graphite and coating-base graphite samples have been
discharged after several thousand MWD/AT at high temperature. The :
costed 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 ¢. Two samples have been run to date, and there appears to be
no damege to the SiC coatings.

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

The FPhase "C" portion of the pressurized gas cooled loop (Loop services
and intercomnections) 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 parts have been machined, and assembly 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 heen 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 1C.
The first blower may subsequently be returned to England if additicnal
performance testing of this blower is necessary.

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

Gas Loop Component Testing

Design of the assenmblies for mounting the in-reactor section for tesiing
was completad. Requisitions for mockup components were issued. Fabri-
cation of the assenblies was started.

-3

The gimbal bellows expansion Jjoint 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 Jjoint has been installed in the

furnace and testing has started.
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The dome seal was extensively modified to improve the leak rate. The
last essembly 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 gas 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 hellium shrovd
coolant ard the COp primary coolant was determined. The proposed backup
helium will enter at the top of the reactor into the process channel,

make s single pass, and then exit at the hottom.

The largest helium supply will be required when the incident occurs
during reactor shutdown while the loop coclant is maintained at a
meximim 1500 F temperature and the maximum shroud tube temperature is
529 F. With these conditions at the time of the incident, ebout 130
pounds of backup kelium will be required to maintain the shroud tube
temperature below 800 F for the first hour. In these calculations the
backup kelium flow rate was assumed to be constant at 1000 1b/hr for the
first 10 seconds. The flow rate then decayed exponentislly to 100 1b/hr
in five minutes. After five minutes, the flow rate was assumed constan®
at 100 1b/hr.

Further calculaticns 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
similtanecusly into both the shroud annuius and the process charnel,

A series of anticipated transient conditions are currently teing set ﬁp
on the Berkeley analogue computer. Results are not yet avaiisble.

Trradiation Bffects on Nickel-Base Alloys for Gas-Cooled Loop Facilliy

Hickel-base alloys are being ccensidered for use as in-reactor structurel

meterials for the gas-cooled loop in the PRTR. Tensile specimens of

Inconel, Inconel-702, Hastelloy-X, and Hastelloy R-235 have accumlated

epproximately two months of exposure of their respective three and six

menths of irrsdiations. Thin washer samples of several candidate alloys

_exposed for 30 days tc reactor atmosphere and reutrons are being measured
- for weight gain and hardness change. Four additional alloys, Ferral

UNCLASSTFIED
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modified (an iron base-aluminum-chromium alloy), AISI 406 stainless,
AIST 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. :

RADIATICN EFFECTS OF METALS - 5000 PROGRAM

Radiation demage recovery is being studied for a number of metals, 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 isochronal annealing treatments at 25 C
increments were extended from 575 to 675 C for molybdemum, from 225 to 300 C
for iron and cepper, and from 275 to 375 C for titanium. No significant
changes hawve occurred since the last report. Isochronal 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 iscthermel annealing. Molybdenum specimens containing 0.066 w/o carbon
were solution treated at 1700 C and artificially aged at 300 C for pericds
up to 24 hours. The lattice expansion produced upcn solution treating
corresponded to a 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 (L00) 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

Radiometallurgical Examinations

1.47% Bnriched I & E Fuel FElements (RM-4Ok). 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.

Exemination of cracked Process Tubes from 105-H (RM-406). Examinetion 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 externd 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

ECLASSIRED
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Conerete Testing'UﬂL3§2! Concrete core samples from the dome of storage
tank 241-A-103, 200 E Ares 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 Jjust completed
have shown the furnaces being used have less than * 2 C varistion hetween
the indicating thermccouples and a sample in any position within the central
working zones of the furnaces. These furnaces will bs used to anneal
samples at six different temperatures for times of from one to 100 days.
Additionel samples will be prepared in ancther 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 hydroflucric (48%) strength and 80 volume
percent nitric acids. Zircaloy-2 cladding has been successfully removed
from uranium samples with this acid mixture with very 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
regpective research and development programs served.

Samples Processed During the.Month:

Total Samples Lel

Carbon Replicas 5L

518

FPhotographs:

Micrographs 332
Macrographs L&
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 elloy and are clad with
aluminum (X-8001 alloy). 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
_19 rods ready for shipment

369 rods total.

C1249550 0 | _—
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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
aerea 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
HNOg-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 actusl fuel rods. The contaminated rods sach
exhibit one spot only, and it is usually 1/32-1/16 inch in diameter and
located fairly near the mid-section of the red.

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

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

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

had previcusly 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 confizurations eliminating machining and
scrap generation. The cub-off operation was eliminated by closer zontrol
of the tolerances on the mold and redesign of the cep.

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

were extruded using e tapered, floatingz 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 sectioned and
etched to reveal flow lines. The second billet was extruded to ~six feet

in lenzth. Measurements taken from radiogrephs 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 radiography to determine any
dimensional changes caused by straightening. Both of the extrusions
exhibited smooth immer and outer surface finishes.

i
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The design of a component billet, having a 8001 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 extrusicon has been prepared.

Calculations for a three-shell pre-gtressed container for this size

billet are proceeding.

Maneger, Reactor and Fuels Research
and Development

~ FW Albaugh:kb
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Nucleaxr Safety in FPD

Nuclear safety calculetions for 1.1% enriched NFR tube-in-tube fuel elements in
water have been completed. Based on these calculations, the miclear safety of

+the proposed autoclave facility in the 333 Buillding was evaluated apd found to

be acceptable; the results were sublmitted to Design and'Pchects.(l FFD plans
to install two rows of ten autoclaves at e 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 total of U2 tube~in-tube fuel elements (three tiers,; 14 fuel elements

ver tier)., The muclear safety calculations show that, a) the autoclave diameter
is safe by 404, 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 formmlations). :

STUDIES RELATED TO FRESENT PRODUCTION REACTORS

Neutron Rethermalization Exveriments

The analysis of traverses of the thermal mctivity of copper across a temperature
discontinuity in graphite has continued. The objectives of this analysis have
been .0 find the rethermmalizatlon cross sections of grepnite which yield the best
fits <o the experimental traverses and to determine the sengitiviiy of the Iros:z
sections o the uncertainties in the agssumed d1ffusion persmeters, The rether-
malization cross sections have been determined and the sensitivity tests have
been started.

The experiment with no tempersture discontinuity (293°K) was analyzed to yield

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

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

(1)  Personal 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
chapges with a change in the slowing down cross secticn 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.

411 of the diffusion parameters determined in the analysis of the rom temperature
experiment were employed in analysis of the remaining four experiments which had
tempersture discontimiities. 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 yleld the best fit .
to the experimental curves. In view of the latter, the restriction of equal re-
thermalizstion cross section was discarded and the vivariate itersztion on unequal
cross sectlions was carried out. The results are tabulated in Table II. These rew
sults are still to be considered preliminary. Only the low tempersture set of data

is expected to chenge 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

Mec¢roscopic
Cross Sectlions
' Inner and
Temperstures Outer Regions
T Tp |
k % 10*5em=1
144 285 2.75
523 299 22,0
690 308 30,0
803 323 25.0
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"TABLE II

RETHERMALIZATION CROSS SECTIONS NOT EQUAL

. Temparatures Mecroscople
— Crosg Sections
Newtron _

Gg;u.p Gra%:ite 10+5m_1
144 ' 283 16.5
283 1l 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

Maltimaxwellian Group Analysis

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

of May. In this periocd, it received heavy use in analyzing deta fram the rether-
malization experiments. In the process, seversl minor bugs in the program were
detected. These are being traced and the program is being "cleaned up" generally,
in anticlpation of the publication of a descriptive document.

Neutron Energy Spectnm Studies

Slowin§ Down Spectrum Progrem

Several test ~ases have been run successfully on the scattering kernel and spec-
trum codes from General Atomice which were described last montk. The twe codes
are bheing combined for greater convenlence and to faclliiate the addition of a
slowing down calculation, To be added soon.

23X Control Bell Reactivity Meesurements

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

of several materials is being messured in the PCTR to establish the relative con-
trol strength of the materials in a 7-1/2" lattice. Some of these will ve
irradiated ard then retestedto determine how long 1t “akes to burn ocut the poiscn.
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Instrumentation and Systems Studies

Bk messiss ¢

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

An anslog computer problem related to the present reactors was completed for IFD
Reactor Physles Operation. It consisted of determining the amount of excess
reactivity addition necessary to hold the reactor power level at some predetermined

low level, differing from the normsl opersting level by factors of 1/1,000 and
1/10,000, following a scram. '

A basic layout was made for a thousand-channel slow neﬁtron tine-of«f1light analyzer,
This is %0 be used in the neutron cross section program. It ls 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 perilcd measurement equip-
ment for the critlcal mass lab arrived apd was tested for noise and drift. It is
much better than specifications. Actual congtruction has started; although a ten-
turn exponential pot for interpolation has not yet arrived. This development is
also belng evaluaited for reactor spplication.

STUDIES RELATED TO FUTURE PRODUCTION REACTORS

Expopential Pile Measurements of large Diameter Fuel Elements

Flonal buckling values have been determined for a 6'-foct by 8 foot exponential pile
with & wet 2.5 x 2.0 and 1.66 x 1.1 inch fuel assembly at a lattice spacing of
8 3/8 inchkes. The results are shown in Table I.

TABIE I
Buekli A¥(side-side) A%(front-rear) Source
%
1G=Ccm= {inches) (inches) Position
-T2 1.1 1.0 | Split

-68 1.6 ' 1.9 Ciustered

#a 1s the extrapclation lengtk,

The uncertainty in the bucklings due to the uncertainty in the “least squares” fit
is 4 microbucke for both measurements. The sources are placed at {x a/4, O) and
(0,  b/h) for the split source case, and * 1 1/16 inches for the clustered acurce
cases. The aluminum, water, and carbon to uranlum volume ratios are, respectively:
0.495, 1.102 and 21.12, Taese bucklings agree reasonsbly well with tze value

-64 x 10-cm=2 determined in the 4' pile.

Preliminary buckiing values are avaeilable for the same tube-in-tube assembly witk
0 coolant using an 8 foot by 8 foot exponential pile at a lattlice spacing cf

873/8 inches. An assumed extrapolation length of 1.0 inches both side-tc-gide axd

fropt-toe-rear was used in the buckling calculstions shown in Table II. Because of

;‘:'he -.'_g‘:lgﬁ_.’;ﬁed__n_xmber of tube-in-tube fuel elements a buffer region of 2.5 x 1.6 I and
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E fuel elements was used to £ill out the graphite latbice. Tbe exponentisl pile
was 10 lattice units high. The first one and the last two lattice units were

buffer regions.

Vertical traverse dsta were taken first with the buffer fuel elements dry and then
wet in order to aschieve a better matck to the neutron flux spectrum of the tubee
in-tube fuel element and check the effect of & slight mismatch. With buffers wed,
the buffers match the velues of cadmiuvm ratio, buckling and ¢/U ratio in-tte lat-

tize.
TABLE II
Duffer Buekling Typé of End
Region (10-%em=2) Correstion
Try =90 2 : 2 Tegicn
Wet ‘ -0 % 3 2 region
Dry 89 £ 2 1 region

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

TABLE IIT
Pael | Cadmium 3““?"”2
Flement £/ Ratio Ratic glC" em” )
2.5 X 1.6 dry 21.47 17 65
affer
2,5 x 1.6 wet 21.47 0 «70
uwifer '
Witk 1.66 x 1.1

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

As shown in Teble II 1t appears to mske zo difference in tze bucklirg measured
whother the buffer region is wet or dry, or whether one or two region end zorrec-
tions are used in the anslysiz of the deta. -

Borizontal +reverses have teen taken st geversel cell positisns i Sne B x 8 £t
pile. The results are given in Table IV.

All traverses were ‘.:a.kén with the neutron sources split as defined above.

%o reason has been fcund for the discrepancy of about 20 x 107° in bucklings
meesursd in the 6 x 8 foot pile campared tc “he 8 x 8 foct pils llsted in Table

o  DECLASSIED
"
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TABLE IV
A

Inckes Cell Position
0.82 £ .14 Cell edge, fill layer, with fine structure

) " ecorrection.,
.84 = 31 | Cell edge, fill layer, under process tubes.
0.81 £,18 Cell corner, f1l11 layer.
0.64 £ ,0T 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 calculsted for the 2.5-inch dismeter solid fuel elememt ]
in a 10 1/2 inch lattice., The thermal flux distributions with and without absore
ber wrapped arcund the process tube were obtained from the P: part of the Idiot
Code, for both the air and water«cooled cases. The perturbation has been siudied
to evaluate the effect of copper neer 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 tie perturba-
tion of the average flux in various components of the cell., The fluxes in all
cases are normalized such that the average flux in the fuel is 1.0. The amount
of coprer in the cell corresponds to the estimated k, of the lattice. The net
effect of these perturbstions on the inferred value of k, is also glven.

Air éoclant Water Ccolanf
Koy _ ' +0.049 +0.025
(o0 )prccess tube -0.036 -0.006
{t98)001ant -- -0,003
(m”)graphit o +0.066 40,01k
Effect in ko, -0.0035 -0.0006

Despite the megnitude of the flux perturbations, it is concluded that becsuse of
their smell effect on k., the most acourata procedure is to determine She changes.
vith the P3 program. However, the perturbation of the flux in the moderator will
be checked by irradlating foils in the case with no coclant.

The program which was written to process lutetium foll data has been altered and
presently uses sasturated activities in determinirng the spectral index. A value

1259548
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for the normalizaticn factor whish is dependent upon the counting system used .
has been determined; bhased cn data collected from bare lutetium foils lrradiated

ir. the therma) column of the TTR.

The copper flux traverses taken in the 2.3" tube-and«tube elemenis are being
analyzed using the Pz code. Tke effective neutron temperature is being variad

to determine cross seéotlons To use in the code, attempting to fit the flux
traverse. Flrst, the spectral hardening in the fuel is ¢calculated from klackness
weighting the fuel cross section. Then the modsrator neutron temperature regquirad
to £15 the flux traverse 1s determined by iteration. For the three zases tested,
the required neutron temperature ranges fram 50 to 100°9C above %he physical semperse

ture,

A first attempt to determine the neutron temperature distributiorn in the cell wes
made using the F; code with ©wo thermsl groups, ore at 900°C and one ai room tem-
perature. Transfer between groups was defined by the rethermalizatior 2ross zege
tior for gaseous graphite. Although & reasonsble weighted average temperature dise
tribution was obtained, the diffusion treatment should not be expected to reproduce
the flux depression in the fuel.

Rod Replacement Anelysis

A versior of the digltal camputer code for small source theory analysis hes been
campleted for a specialilzed case. Work on the two group theory code for mors
feneral gecmetry has begun. Contact has heen made witk C. N. Kahr, =f Technfaal
Researsl Group, Inc., who is alac investigating the use of amsll sourze theory.

His group has prepared a digital computer code for a one-group version of small
source theory in finite iattices, EHe reports the code is working dbut s minimum

of s£ix months will be needed befors it will be irn a form sultable for distribution. .

& Program for Analyzing PCTR Date

The Two elusive nrogrem errors in AFDAC-T heve beer found and sorrescied. Since )
there are no known remeiring errcrs in the program, it has been glven Zx12 produce
tion status, A 1lstier Aesoribing the production set up in Jebail iz baing pre-

rared.

COMPUTATTIONAL PROGRAMS AND SERVITES

ATM=3, s miltigroup, one dimensions) diffusion theory «ode from Atomics Inhere
national, has bheen convarwed tc the HAPO monitor system. AIM-5 allows =3 5o 12
goups, 20 regions, and 239 space points, with downscsstering from any &ooup

To any lower energy group. I5 calouistes fiuxes, adjoint fluxes, and ruliipllca-
wion factors. Criticslity sesrches may te perfsmed on any ne of the foilowing
Tarameters: Qritical radivs, homogenecus poiscn, transverse ouckling, lzcation of
2 polsor boundsry, or logation of a fuel boundsry. The sole hes been up suocess-
Py or two sample cases, '

5CTR Meeaurement for N=Reaotor

Graphlite for the mockup core has been shipped. Grspbite for the condensed lattizs
core will be fabricated here. Delivery of the clsdd i3 expecued mamertarily.

Fiel delivery 1s not expected uptid July 1. §§%§3§B
DERLASSIEE
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Instrumentation and Systems Studies

The baslc fabrication of the mechanical portion of the NFR. prototype fast-slow

scan Fuel Element Rupture Detection System is completed and inetalled on the 329
Building experimental plstform. The gear mobors 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
continmues 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 wes assembled and:
satisfactorily tested.

Completion of the tests on the prototype NPR Logarithmic (5 mr/hr to 5 r/hr) Scin-
tillation Remote Ares Monitor will be accamplished as soon as the necessary Corons
regulator tubes are received. All other components are installed and the system

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

The NFR prototype Linear Scintillation Remote Area Monitor i essentially ccmpleted
including cirecuitry temperature tests which were satisfactory from 0% 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 transistorized
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 comtinually until the
radiation field strength dtrops below the alarm set point. The low-level system

samatically resets and no mamal operation is required. The high-level alam
system requires mamel reset for proper safety purposes.

All trunsistorized circuitry for the NPR prototype Scintillation Beta-Gamma Air
Monitor was completed in design and satisfastorily bensh-tested including temperae
ture tests to +140CF. The circuits will now be fabricated in final ferm and the
instrument assembled. The lead-shielded scintillestion head is completed =nd is being
sealed and assembled for use. The beta~gamma air monitor is campietely transis-
torized with a logarithmic indicstion from 100 ¢/m %o 10° ¢/m with a recorded out-
put.,

At the request of IFD Reactor Physics Operation, & study was made on the presently
Proposed systems for NFR coclant flow monitoring.

Studies were continued on the solubions of the reactor kinetic equations with
simiseidal excitation functions. The solutions obtained with the analog.camputer

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

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

1269550
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Mechbanism of Graphite Damage

The installation of the beam sweep equipment and the necessary alterations %o
the electron Van de Graaff were completed. The control circuitry was installed.
The high voltage supply for the apparatus is still missing, but delivery is '
pramised for early in June.

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

STUDIES RELATED TO SEPARATIONS PLANTS

Plutonlum Critical Mass Facility

Completion of the work of the fixed price coniractor on the Flutonium Critlcal
Mass Facility has been scheduled for June 1. It appears that in general this
schedule will be nearly met. All construction is complete 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 coatrol system -
‘into service. To same extent this has been the result of minor fabriecation errors
as might be expected in a system of this size. There hag, however, besen an
umzsual number of errors made by the vendor in construction (wires cmitted or
crossed, ete.). This is perticularly true of the electrical interlock system.

The lnstrumentation has not beer checked out as yet, but should be less prone to
such difficulties.

The acceptance test for pressure contaimment of the reactor roam bas not been made.
Ko known delays are anticipated in performing this test; however, if leaks exist
there may be considerable difficulty and time involved in locating them.

Insvalliation of the in<hood equipment for the startup experiments will be delsyed
uncil the latter part of June because of late delivery of the oritical assembly
components. )

Tke control building prorer msy be accepted in the first week of June and coperat.
Ing personpel wil: be able tc move in soon thereafter. Work will be limited rri-
merily to familiarization with the equipment; little can be done direstly relating
t¢ the initial experiments until the in-kood reactor equirment is iInstsalled.

Two of the four reactor vessels vwhich were ordered have been recelved. The twe
vessels recelved were the 11 and 13- inch diasmeter cylinders viich are t¢ be used
in the initis] series of critical experimemts witk unreflected cylinders.

Measurement of ke in the PCTR for Aqueous Pu Solution

For agueous soiuticns or cother homogeneous hydrogenecus mixbtures, & guanclity of
speclal interest iz the limiting concentration for which Xk, »ecomes unity. Provid-
ing the E/X ratio can be maintained at values for which k. - unity no other restric-
lons will be required to insure nuclear safety. Experiments were conducted in *the
PCIR for determining the concentration at whick k, = unity for a plutonium aitrate
solution.
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Calculetions had indicated the limiting Pu concentration to be between 8.5 and

9.5 gns Pu/liter. Initially the buffer tenks were filled with a solution containe
ing 6.5 gus Pu/liter and the core tanks were filled with solutions comtaining -
6.5, 7.5 and 8.5 gms Pu/liter. These mixtures were prepared, and the tanks filled
and emptied, by Finished Product Operation, CFD. Previous experiments with 3¢
enriched systems indicated that an accurate extrapolation of the limiting con-
centration Could be obtained with the buffer tank this far from actual limiting
concentration., The extrapolated value of the limiting concentration from the
initisl data wes 10.8 gms Pu/liter. Since rather large quantities of stainless
steel and polyethylene were used for contaimment of the solutions, and very little
was known sbout the effect these materials might have on +the measurements, more
emphasis was placed on the theoretical calculations than on the experimental re-
sults and the concentration in the buffer tanks wes 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 gus
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 indiceted there wes essentially no effect on the messurements
from the stainless steel and thet there was only a slight effect from the polyethy-
lene. The effect from the polyethylene is probably caused by a slight chenge in
the neutron energy spectrum incident on the solution which results in 8 correction
to the measured value of the limiting concentration of approximstely 0.2 gm

liter. ' :

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

The preliminary value of the limiting Pu concentration for which kg = 1 for these
Plutonium nitrate solutions was therefore 10.4 gms Pufliter. 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 serilous
contamination problem, was minimized by careful monitoring procedures.

Exponentisl Pile Messurements with Natu.fa.l Uranjum Fuel Rods in Light wWater

The series of exponential pile measurements with natural uranium fuel rods in
light water was completed with the measurement of the 1.40O-inch lattice spacing.
The fuel rods, which were 0.925 inch in diameter and 4i inches in length, were
encased in thin walled (1/32") Lucite “ubes for insertion in the lattice assembly
vhich contained 85 tubes in a hexagonal pattern. A buckling of zerc was measurad
(ke = unity) for t‘éle 1.40-inch lattice, which has an Bp0/U volume ratio of 1.37.
Frcz the plot of B® ys the Hp0/U volume ratio, the maximum buckling was estimsted
30 be sbout 30 x 10°em~2 for an E,0/U ratic of 1.6.

These measurements were undertaken in order to better evaluate the safe mass limits

for naturs) uranium in light water, and also tc cbtain dbuckling values in comnesticn

with planned experiments involving a three percent enriched lattice reflected with
& natural uranium tamper.

IREANCE Py
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Criticality Studies in Support of Processing Power Reactor Fuels

Critical mass studies were conbimiad In suppert of processing power reactcr fuels -
with experimental work proceeding on both heterogsneous and hoemogeneous systems.
The first critical approach experiments were made with the C.925 inck diameter
rods of 2 percent enrichment; measurements were made in wster modersted lattiser
&t five different Fp0/U volume ratios. The first measurements wers made in the
PCTR for determining ke of 3 percent enriched uranyl anftrate mixtures; the B/U
ratlic of the initial mixture was, >~ 6. Irradiations were mede for determining the
fast effect {¢), and the resonance escaepe probvability (p) of this mixture.

a, _}!h_merimeﬁté with Hetercgenecus Systems

The critical approack and exponential experiments which are planned with the
2 percent enriched wranjum invclve fuel rods of two different dismeters, 0.925
and 0.600 inch, and of two different lengths, 16 and 32 inches.

The critical approach measurements were completed for the 0.925 inck diameter
rods of 16 inch length and messurements were begun with the 3Z-inch fuel rod
length. The fuel rods were encased in tkin walled (1/32") ILucite tubez for
insertion in the lattice assemblies which were fully water reflectzd; a hexag-
onal pattern was used for the lattices. The resulits »f these sritizal approack
messurements are given in the following table.

CRITICAL MASS AND BUCKLING FCR 2.C0 PERCENT U-23°

C.920=1NCh DLAMETER ROLS
oritical
Caloulated o
Critical Materisl
Lattice EpO/U  Criticsl No. of Mass Brokiing
Spacing (volume 16-inch Rods Critical Mass  (spherical “é ~
{Inches; ratio)} (cyl. geometry) (cyl. Geametry) _geametry; (107" cm™*)
1.59 1.89 117.6 865 1bs, T 818 1bs. U 12,806
1.50 2.29 103.7 763 1bs. U T2C 1bs, U 1¢,857
1.70 2.72 93.9 734k I1bs. T 692 1bs. U 10,511
1.80 3.17 02,2 ' 751 1hs., U 703 1bs, O Gy &TE
.95 z.8¢ 119.G 875 1be. U 795 1lbs. © 8,353

Tte orizical number of rods wes determined by a lsast square Dit %o tke neutron

mtiplication dzta between 55 and 96 percent of the sstimated critizal numder of

rods. 7The above buckling values were caleulated by assuming the extrapolation

lengsha ()} to have the same values as those used for 3 peveent enrished wranium
- of the same fuel rod diameter ard HpO/YF ratio,

The minimim criticel mass for the 0.925 inch fuel rods of 2 percent enrichment is
~ €90 1bs. of U which ocrurs at an HpO/U volume ratio of ~ 2.8. This may be com-
pared with the 2,00 percent enrichei uranlur rods of tne same ilsmster wnich had a
minimm mass of ~ 387 1bs. of U ot an HP_O‘/U? volume ratic of ~ 3.2,
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Experiments with Hamogeneous Systems

Fron the PCTR measurements, a preliminary velue of k, for a 3% enriched
uranyl nitrate mixture with a nominal hydrogen-to-uranium stomic ratioc 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 atomic ratio, the value of k., for a 3% en-
riched U03 mlxcture HE.S, 1.354.

Criticsl Hazards Specifica:bions

Nuclear Safety in HLO

a.

The muclear safety specifications for Hanford laboratories, which are being
prepared in accordance with HI,O Nuclear Safety Bulletin No. 1, are about 72%
coamplete.

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

to the Reactor snd Fuels Research and Develomment Operation. This review was
based on a study campleted this month, in which more accurate nuclear safety
parameters were established for the Al - 1.8 w/o Pu 19-rod cluster fuel elements
in H;0 and nao. The previous study, made in March, 1959, was based primarily
on calculatidns in which the fuel element clusters were treated as a homogeneous
system of plutonium, alumimm and water; this epproach was conservative and
simplified calculationg. The current study is not only supported by the criti-
cal mass experimental date obtained on Al-5 w/o Pu alloy rods in HyQ, but %he
calculations were made treating the 19-rod cluster as a multiregion system by
use of the IBM~TO9 IDIOT camputer c¢ode. The PRTR muclear safety review includec.
the storage and transfer basins, the primary cooclant system, and the fuel
transfer casks.

Data Correlation - Development of Nuclear Codes for Criticallty Calculatlons

a.

Caleulation of Lattice Parameters for Uranium Rods in Water

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

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

develop analytical techniques for predicting the criticel size of similar

lattices. BEspecially atiracting attention is the inabiliity 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 usuel simplified sge-diffusion approximation=s. The majcr diffi-

culty appears to be the nonescepe probability for water mdédereted lattices,

especlally systems in which ~-40% of the fast neutrcns are lost due %o leak-
2. The ususl age theory for evaluating the fest nonescape prcharility,

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

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

his analysis of the 0.60C inch rod experiments., When we are capable of reproduc-
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ing the values of kg then the major effort will be directed toward calculating
the fast neutron leakage. :

The 0.600 inck diemeter rod, water moderated lattices have been run on the
IDIOT Code, Fram these cslculations, the experimental and calculated thermal
utlilizations 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 i1s logicel in
that the IDIOT Code does not account for any mutuel shielding of the resonance
flux by neighboring rods in a tightly packed lattice. The major emphasis is
now on developing & 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 1s contimuing. The Pu-239 cross
sections have been completed slong with the cross sections for Hp. The cross

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

A random number generstor has been received from Atomics International that is
spproximately six times faster than any mumber generstor presently avallable

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

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

S=Zoom Code

The first application of the 9-Zoom Code, a one-dimensionsl multigroup dif-
fusion theory reactor code for the IEM-T09, was made to cylindrical (reflected)
riutonium criticsl assemblies of the Banford P-ll experiments. The comparison
between theory and experiment appears to be good for the range of H/Pu between
300-600. The calculations were made using 18 group cross sections developed
by personnel of Critical Mass Physics.

A series of celculations were also made for fully reflected spheres of the
F-11 experiments with E/Pu: ratios in the range of 30C-500. For these cases
the effective value of k was calculated tos high. A few more test cases will
be run 4o try and determine why the cylinder calculations are satisfactory
while the sphere calculations are not. '

Camparison of Theory and Experiment for Al-5 w/o Pu Alloy Rods in Water

Buckling and criticel mess calculstions were mede for Al-5 w/o Pu alloy rods
of 0.506" diameter {0.0%" Zr-2 clad) in a water lattice; the calculated values

- were compered with the critical mass date obtained frem experiments., The

results of this comparison are given in the following table:

. . DECLASSIHE Sy
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COMPARISON OF EXPERIMENTAL AND CALCULATED VALLES

TOR Pu=Al 7 R 1N WATER -
B/ V Water Extrapolation Buck%.ing Critical Mass for
: _ (10~Cem2) Spherical Geametry (Kg Pu)

 Pu* vV Alloy Length {cm) From Exp. (Caic. From EXp. calz.
218 1.17 8.1 9605 11100 .31 2.60
355 1.86 7.9 10838 11506 - 2.07 1.70
ka7 2.24 7.9 11261 12400 1.70 1.64
583 %.06 7.7 10853 10900 1.53 1.50
T35 3.56 T3 10107 9900 1.53 1.57
ghiy k. g5 7.0 8840 8600 1.73 1.88
PRl 6.03 6.0 7681 T200 2.12 2.2

*Pu-240 isotope .. 5.3 percent.

The calculations were based on standard critical equetions; the reactivity
parsmeters were obtained using the IBM-T09 IDIOT computer code. Values for
the reflector savings were obtsined from the experimental dats, which appears
ressonably accurate up to an ¥/Pu ratic of about 1000; beyond 10C0, the values
of A are less certain. :

The calculated critical mass values ers conservetive except for high H/Pu
ratios where the calcoulated values are larger than those measured; however,
there 1z good agreement between the calcuisted minimum critical mass and that
predicted from messirements.

€. Kinetics with Time Dependent Reactivity

Progrum HATREK, the Hanford modificaticn of the Atomics Internationsl reactor
kinetics code AIREK, bhas been tested satisfactorily oo several cases of ine
terest. The code may now be coansidered operational for the following time
variations of reactivity: 1) step function, 2) ramp function, 3) shat accom-
renying a changing geometrical Dbuckling produced Ly & linesr time varistion
of one gpatisl dimensisn, and 4) tebulated reactivity vs. time, Other func-
tional forms, e.8., simusoidal veriation cax “e resdily included,

Instrumentaticn for Determinstion of Reactor Kinetics Purameters

A pile peise analyzer was completed and is currently being tested. This Jevice
#111 be ugsed for measuring +the zerc power Lransfer funetion of a reactor, for
determining neutrcen lifetimes. It is planned 4o use this instrument in cornec-
Tlon with the plutoniwr critinal ass=mblies in the new plutonium orivisel mass
facility. '

In order to correct the spectra obtalped from the Pile Noise Anslyzer, measurew
ments were made of the frequency response o the instrmument.

The measursments were made using a large ("slug” type) BF; tube fiiled with
enriched BF3 to nearly a‘mospheris pressure. The chamber was exposed Le te
noise in tké form of a 1.3 curie {c90 source., :
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The system has a response range of 2.30 to 560 cycles per second and with this
tube eppears to be most sensitive at lower frequencies, peeking at 3.98 cycles/

second.

Mass Spectrometry

The high voltage breskdcwns in this mass spectrometer continued to be a problem,
Voltage breakdowns were isoclated in three separate camponents. The electron multil-
Plier power supply was found to be defective and wvas replaced. Temporary measures
were taeken to increase the insulation of the cabling to the spectrometer source
and cable with higher breakdown rating was ordered. Voltage breakdowns continued
to oceur 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 breakdown occurred.

Two uranium semples were analyzed for Critical Mass Physics.

NEUTRON CROSS SECTION PROGRAM

Sloﬁ' Neutron Scattering Cross Sectiocns

One of the alumimum large single crystals was sawp to give three half inch thick
disk crystals. Each of these crystels 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 belleved 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

Messurements 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 ansiyzed
as yet to obtain meaningful upper limits to the fission widths of these rescnances.
The 10.2 ev resonance is a small one which has been attributed to ¢ wave neutrons
from 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 alsc for p wave neutrons. The observed negative result probably casts
little light on this possibility.

The spectrameter resolution was worsened to obtain a higher neutron intensity for
me ements of the fission in resonances of Pa®2l, 7The first two resonances in
Pa=oLl at about 0.4 ev and 0.5 ev were found in figsion. The measured fission widths
are about two orders of megnitude less than expected fram 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 apprecisbly greater
then the widths of the first two although no fission was seen in these measurementa.

1 are all consistent with an exponentiel barrier with a characteris-
tic energy of 8.3 to 0.35 Mev. Tt is probable that when good upper limits are estab-
iished for UE3C ana UE3S that these miclei will also be comsistent with this value.

; 237 240
A nﬁelimi.narg analysis indicates that the cobserved fission widths of Np Pur
125%, and Pald ? ’
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The barrier model for Ama’*l, however, is consistent with the characteristic energy
of 0.85 Mev obtalned from the shape of the fast neutron flssion cross section curve.

Fast Neutron Cross Sections

Construction of the coaponents of the Van de Graaff beam tube has proceeded with
some ltems completed.

A conceptual design of an experiment to measure total cross sections using a pulsed
white syectrug neutron source and time-of-flight hes been completed. A thick tar-
get 11(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

PHJTONIUMREYCLE PROGRAM

Low E@osure 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 complete. Same modi-
fications to the stand k, calculation were necessary, arising from the change in
effective neutron tempersture upon removal of the absorber from the lattice.

-

The chenge in 1 has been estimated from Westcott's tabulations using the measured
value of 0259/0255 to infer a neutron temperature. The change does not exceed
2% in ei 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 --- k, = 1.512, £ = 0.8%

Egh Exposure Plutonium Lattices

The first two MIR Pu-Al elements will reach goal exposure and be discharged frcm
the ETR sometime during June. The remainder will contlnue to be irra.diated toward

the 40% Pu-240 goal.

Instrumentation and Systems Studies

The analysis of the experimental gas loop and control system is contim:ing with
the study on the EASE analog ccmputer.

1289558
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Laboratory tests have been started to determine the dymamic range requirements

for instrumentation to be used for FRTR mean neutror lifetime mesaurements. 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 inmaccuracy of this type of equipment, for near-zerc irputs,
cn the oversll problem accuracy will be determined.

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

Preparastions are being made to evaluate the period contrcller and tC analyze the
eritical facillity.

m™wo campensating lenses (balf lenses) for the Fuel Examination Facility Profilo-
meter have been reground and polished to correct thelr focal lengta 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 of image quality.

Asgistance has been given in designing & 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-GEE-4 fuel testing
loocp have proved satlisfactory Iin use.

NONDESTRUCTIVE TESTING RESEARCH

The bebavior of the output signals of the broadbani electramagmetic testing system .
being developed for measuring jacket thickness and jacket-to=core gap variastions

ir az urborded fuel element was cbserved 1in detall., New sample cores for the mock-
up fuel elements being used were fabricated in the shop for use irn determining

tre instrument behavior in the Jacket thickness reglon of 15 te 28 mils.

™o phantestron type sdjustatle time delasy circulis were bhuilt i rerlace tvo
Jenersl Radic pulse generstor: used a3 the sourse of “ired zempling pulses used
in the time domain sempling section of +he systam., The vacuum tube Zate clrculls
o2 the sampler were replaced with two semlconductdr gate or sampiing cirsuits.
Toese changes have served to simplify “he cirouitry. Neise and 4rift sre the
lowest yet actieved witk this test.

Preliminary tests ¢f a prototype infrared radicmeter for meking fuel surface tem-
perature measurements during develorment of heating and scanning methods kave beern
made, These tests stowed thet nolse presemtly csuses variations cf about 3°7

in the temperature indicated by the instrument when locking at a 60°C autoclaved
X-R001 surface durirg an interval of 0.003 second., This would be tae dwration of
aignal fram a 1/4-inch diameter hot spot on the surface of a 1-1/2-ipck diameter
“ylinder roteting at 1000 RPM.

A Radiation Flectronins Corporstion model TA-2 ulirse low noise pre-amplifier has
heen crdered. According o the mamfacturer's literature, this unatt should have
a slightly lower noise figure than the cascode vacuum tube empiifler now heing
used in tke radicmeter. A more adequate mechanical scanning system 1s also being

desligned.

DECLASSIFIE By
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GAS COOLED REACTOR PROGRAM

A

Lattice Parameter Measureménts

The analysis of the data taken during the mcn stainless steel loop experiment has

been ccmpleted except for an error snalysis. Prelimipary results for a 3 x 3
supercell consisting of = 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 princinal socurce of error is in the estimated flux and adjoint mismatches.

Analysis 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 U0y fuel of 2.6 w/o enrichment has been prepared (BW-65074) and distri-
buted to the custamer. The results were generally similar to those obtained from

the sxperiment on the 1.8 w/o fuel.

Varietion of Doppler Coefficient with 5/M Ratio

Preliminary values for the resonance escape probability, p, and the fast fission
factor, €, are listed for solid, 1.923 inch diameter, natural uranium fuel elements
in an 8 3/8 inch graphite lattice with air and water cooclant. Tke revised values
of kg 2nd £ and the inferred values of 5 are also included.

Parameter 320 Alr

k 1.0189 £ 0.001 1.0116 = 0.00L

£ 0.910 £ 0,004 C.945 £ 0,00k

D C.826 0.792

€ 1.035 1.038

3 1.310 1.302
The p and ¢ analysis follows the method outlined in TW-62768 by P. F. Nickols,
et al.

Tue dry valuss 92 ¢ and € are not 1n agreement with the comparable valizes of 0.762
and 1.058 given by W. E. Niemuth and K. Nilson. This discrepancy has not been
sxpliained.

resulted in values of (1/RI)ARI/dt renging from + 1.2k x 10°%/C at 1759 to
+1.11 x 10°%/C st ~U450°9C. These results tend to confirm the change in (1/RI)3RI/A:
Witk increasing temperature. Mach additional analysis is necessary tefore any finsl
resuits can be presented, because of the rather large moderator heating corrections
vwhich need careful examipation. It may become necessary +o revise the arpﬁrimental
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metkod to reduce the size of these correctionsg.

BICLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

Develoment work progressed on the phosphorescence technique for assaylng the
. smount of zine 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 appraxi-
metely 3 x 10°° grame with a standard counting error of 15 percent. The standard
error decreases as the § loading increases sc that, in the range from the de-
tection limit to 2 x 10~® grams, the best estimate of the standard error in count-
irg 18 5 percent. When tke weighing, dilution, and counting errors are cambined,
the ztandard error in the absolute mass determination on a single filter was cal-
culated to be 12 percent, whereas the relative mass determinstion was 8 percent.
Same small reduction these percentages is expected fram fitting an appropriate
mathematical function to the calibration points. At month end; calibration of the
systen for mess loadings up to 10-3 grams was in progress. Beneficlal use of the
system for analysis of Green (low samples 1s expected early next month.

Plens for the AEC Meteorclogy Program Leaders Meeting at Hanford, on Jure 20, 21,
and 22, 1960, were formulated and coordinated with the Fallout Branch, Division
of Blology and Medicine. Preparation of material for the Hanford sessions of the
prograr was started. .

DCSIMETRY

The first IBM run of data collected routinely at the whole body counter was compe-
leted. This operstion will be on schedule with completicn of the June processing
of data. A paper taps punchk was received t¢ be operated from the multichannel
analyzer. Wken in operation, it will permit machine punching of the cards used
oy “he TBM and thus eliminate all hané work on the counter ds¥a,

A series of experiments 1s in progress to determine row much radicactivity accumu-
lates in the bair and thus how important it is thal a shampos be “aken befcore Th
viole body count. Ones female subject wss counted both before and after snampoo-
ing on a2ight separate ccocasicna during tkhe past twe months, In every as2 sham-
rosing caused & 100 ¢ 200% increase in the radicactivity in the hair. The increas2
was found tc be due t¢ the radioactivity in the watsr used. Distilled water duss
not show the radloastiviny that 1s present in the regular water ai the whole body
2ounter. When distilled water was used by the above subjest for shampcos, <he
radioactivity in her hair wes decreased below that befcere the shampoo. OSher ex-
perirents are being made witih a wig of natural bhuman hair, After three days out-
"side in rather stormy weather; the decay products of radium could easily be identi-
fied in ths wig. When the wig was placed at the position of the tesd in the stan-
dsrd whele body counter, It increased the K-4#0 values about 4%, the Cs-137 values
atout 8%, and would produce very significant errors in the Zn-65 velues.when these
are low. An exposure of the wig during milder westiher produced even more signifil-
zant differences but other exposures showed smaller eflecls.
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Two coccasions arose that permitted camparisons of the background of the Hanford
whole body counter with those of other very similar counters. During a trip to

Log Alsmos & tape of their background spectrum was cobtained. Tkeir counter is

two inches (50%) thicker than ours; this is the only significant difference. Their
background 1s slightly hlghber due to the larger counter and to their higher elevs-
tion with its consequent greeter cosmic ray effects. There is also scme evidence
for slightly higher background from the daughters of radium. The new counter for
tbe animal counting facility of the Biology Operation was also campared with the
Hanford whole body counter. This counter is slightly smaller in dlemeter than ours,
and i1t has only four photamultipliers compered with ocur seven. Its background is
smaller by 53% under the X-4O photopeak and 29 and 274 under the Zn-65 and Ca-137
photopeaks. Tests by Radiologicel Chemistry with the Biology counter showed that
the background in our iron roam is not significantly different from thet obtained
in a good lead shield. It is of considersble interest that the new Blology counter
shows a peak shift phencmenon that is similar to curs: If s source is placed on
the photamuitiplier side of the counter, its photopeak will appear & couple of
channels lower than if it is counted on the other side. Private cammnications bhave
indicated that this 1s observed in other large counters also.

An attempt was made to detect uranium in a subject having s high and constant bio-
assay count; nothing could be detected. An attempt wms made to detect Pu-239 in a
subject suspected of having 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 inbaled radioactivity while working on the rear face of a reactor
wvas found to contain 32 muc of Zn-65, 11 muc of Se-46, and 230 muc of Cr-5L. Twenty-
foir days later he contained 64, 5.3, and 112 muc of the same isotopes. During the
latier examination a scan of his body showed that there was a concentration of
activity in the upper lung area.

Na-2L vas detected in four subjects who had been working orn the removal of & rup-~
tured slug. The amounts were between 1 and 4 muc. In ancther recent case a radia-
tion monitor was fourd to contain 2.5 muc of Ne-2k after working on a rear faze
during & shutdown. These cases were discovered through the routine counting pro-

gran,

Zr-65 data obtained in recent months seem %o show that the average body burden of
employees working in a reactor area increases with the number of reactors upstresm
Iroam that area.

Further tests with the shadow shield counter indicete that the radiation scattered
irom @ person int¢ the counter can be slmost completely eliminated by surrounding
~ the sutject and counter with sheets of lead 1/4 inch thick.

The lon source of the positive isn 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 source
control. The warning light system was also revised slightly. A check of the alian-
ment cf the system showed it had shifted only about 0.01° during this maintensnce
work; the shift in the energy calibration of the proton-moment detector was only
sbout 0.015%. ' ‘ '
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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
germe radiation from. these sources., Theory indicated that one of the possible
elpha~-neutron reactions in the sources would lead to a state from which such redia-
tion might be emitted but that it should not be found; the search showed no such
rediation. The information acquired recently concerning the energy spectra and the
energy degradation in neutron sources was incorporated in a paper to be presented
at a meeting of the American Physical Soclety. Replacement of the brass psrts of
tke three precision long counters with aluminmm parts is proceeding.

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

A technique was developed for meking tritium-titanium targets for the Van de Greaff
on tentelum backing materisl. fTentalum is barder and cheaper than pla.timqn and does

not require inventory.

INSTRUMENTATION

One bench-model personally-carried persognel dose g.la.ming monitor was simplified
and satisfactorily tested with both Ra220 gnd s Co®0 source. A sensitive minia-
ture relay, for the alamm circuits, was ordered after satisfactory tests were compe
leted with an equivalent relay. The Clairex CL-403 photocell was found to produce
the best signal-to-nolse ratio of the many photocells and phototransistors tested.
The CL-403 will be used in the device, A transperent screen was assembled and
tested, This will permit 2 user to read the accumulated dose at any time he desires.
The present model alarming dosimeter, with selectable alerm levels from 10 mr to

200 mr, consists of a 10 'cc ion chamber, a light and light flashing mechanism, the
miniatiure sensitive relsy, the alarm, and two batteries. BEstimated fipal size will
be 10 o 15 cubiz inches with a welght of sever ounces.

The keyboerd for mamusl entry of data into the RCL multichannel analyzer for the
radiclogical body monitor was fa.bri_.ca.ted and is belng wired.

Two ‘doutle diode-pump transistor circults were edded %o the developmental transis-
%orized coincldent-counting technique alpha air monitor. The tests, thus far,
indicete an alarm gensitivity--with no redon-thoron false alarms possible--of 10C
MPC of airborre Pu239 in three mimutes or less. Contimuocus-run testing is expected
to commence in Juns. '

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

Development work wes proposed and some initial investigations performed concerning
a poertable, transistorized scimtilletion multichannel gamms energy snalyzer includ-
ing scalers and count-rate meters. The cimpleted package is to be battery operated.
A direct application to the Biology Operation experimental work 1s foreseen for the
instrument with several other epplications possible.

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

have been unchanged.

Experiments are contimuing concerning & logerithmic pulse amplifier modification
of elrculiry for use with mmltichannel snslyzers. This work 1s to be dlrettly ap-
plied, if successful, at the Total Body Monitor. A pseudolog dlsplay has been
obtained, to date, over a gemma energy range of 60 Kev to 1.3 Mev. The obtained
date do not, as yet, indlcate a truly logarithmic character. Modifications are
being undertaken to improve the response qualiity. '

Investigations were made at 100-H concerning the gamns 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 room, gas-sample roam, X-1 level, tool
decontamination room while the reactor was up. Subsequent scans were leter made
in the rear face area when the reactor was down. Only parts of the dats have been
reduced to date. '

Work progresses satisfactorily concerning the P-N surface barrier diodes o be used

as alpha, beta, and neutron detectors for alpha energy analysis, fission fragment,

and general detection work. We are now cutting silicon wafers fram a 400O-obm 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-fourth-inch
dlameter surface-barrier diode obtained from the Savannab River Laborstory and it
worked quite satisfactorily for Pucl9 alpha particle detection with a gecmetry exceed-
ing 20 pexrcent with a six-volt blas applied to the diode. The diode output pulse
rise time 1s apparently in the order of cne nanosecond. The diode noise level appea.
<o be equivalent to the signal from a 0.5 to 1.0 Mev alpha particle.

Flastlic investigations and experiments comtimied during the menth. Several experi-
mental probe housings were fabricated for use with the non-gemms sensitive alphs
scintilliation detector. Attempts are being made to cast the cauplete alphba probe
from plastic. This will materially reduce the cost of the probe.

A prohotype six-watt transistorized amplifier, both battery and 110 VAC operated,
wags completed and satisfasctorily tésted for use with the standard "Scintran" scin-
tillation transistorized alphs monitors. The six-watt amplifier is to be used
where ambient noise levels preclude satisfactory use of the one-half wait speaker
incorporated in the Scintrans.

All electramechanical drafting work wes completed by the Drafting Cperation .on the
ccmbined alpha-beta-gamme transistorized seintillation hand and shoe monitor, and
the unit will ncw be returned to demonstration service. Previous ¢ removai fram
service, the instrument cperated nine continuous monmths with only several hours
downsime caused by a defective camponent.

Continued investigation wue mede into the use, theory of coperation, handling tech-
niques, readout methods, and storage effects on the thermoluminescent dosimeters of
the type developed by the U. 8. Naval Reaeirch Laboratory. The units linearly cover
& dose range from less than three mr to 10% r and can be easily read out tc obtain
the accumilated dose information. Loss of information frow the time-aging standpoint
is sligh%t, 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 technigues. The dosimeters cen be made quite small and
have direct application in the finger-ring and wrist badge dosimetry problems.

WASHINGTON DESIGNATED PROGRAM

Isotopic Analysis Besearch and Develomment

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

and ray tracing technigue.

The mess spectrameter for this program operated routinely throughout the month
with s negligible loss of time from any operational difficulty.

TEST REACTOR OPERATIONS

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

by-pessing technique.

The 3% UG ggt -Max. ky, and Aqueous Pu-k, = 1 Experiments were nearly campleted
during the m ﬁ The Aqueous Pu Experiment was temmineted 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 experimernt, 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 diemeter 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 faclllties were used for ceriticsl mess approach experiments for most of the
month.

The reacktor was operated three days to calibrate and normelize foils for experiments
in the PCTR. '

There were no unscheduled shutdowns during the month.

CUSTOMER WORK

Weather Forecasting and mteorologservice

Type of Forecast Number Mede % Relisbility
8-Hour Production 95 83.7
24-Hour Genersl 62 82.2
Special _ 134 90.3
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 Consultation was rendered on meteorologicsl and climatologleal aspects of 1) cobl-
ing tower design (Project CAC-881), 2) caleulation of heat exchange with the environ
ment of reserve reactor water stored in overhead tanks, 3) release of chlorine :
fram & roof vemt in the 321 Building, and 4) release of axides of nitrogen from

3064 Building.

The last in the series of three scheduled reports on prospective crests cf the
Columbia River flow at Hanford Works was lssued on May 17. Because of a slightly
higher snow-water inventory in the Columbias River watershed, the expected peak flow
at Trinidsd was revised upward fram earlier forecasts by spproximately 5 percent.
This revision represents only a one-hs.lf to one~foot increase in peak stage at the

100 Arees.

Meteoroclogical services, viz., weather forecasts, obsemtions, and climatological
saervices, were provided to plant opera.tions and management persomnnel on a routine
basis.

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

Instrumentation

All fleld and evaluation tests were satisfactorily completed on the Mask Monitor
instrument designed for the Laundry Operation. Operation instructions were written,
apd 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 eliminastes the
previous lsboricus handchecking methods used. '

T™e final two Scintillstisn Transistorized Alpha. Hand Counters wers received, tested,
and sre ready for use. The units will be used in the 308 Bu._ld. rg and ware fabri-
sated to our specifizatione by a Seattle firm.

The batiery-operated selectable-level alarming scintillation dose-rate meter
{ranges of O-1 r/hr and 0-10 r/hr) designed for IPD for use as & reactor elevator
"s*a.nd-:Ln" monltcr operated quite satisfactorily during the month. Three mere
units are now sckeduled toc be fabricated in the 328 Building Electronics Shop.
Ranges of 0~500 mr/hr and 0-5 r/ar will be used in the new units. The same 3-1/2
round instrument can be adjusted to give any range desired, with any-point select-
sble alarming, from 0-20 mr/hir to 0-20 r/hr. -

Two Model II, gated-oscillator loudspeaker output, scintillation transistorized
aipha advanced Scintrans were campleted in fabrication, tested, and are now ready
for demonstration use. These have a much louder speaker output than the original
S intrans; and when used with the new alpha probe, the instruments have nc gama

esponse in fields up to 10 r/hr. By merely changing probes o the itype necessary,
t’:-.e same lnegtrument can be directly used for heta-garma or neutron monitcring.
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© Fabrication contimued on: (a) An in-cell beta-gemma monitoring system snd 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 coolexnt - .
activity in test loops operated by the Coolant Testing Operatlon.

Bvaluation 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 Scintrens. Camparison tests between RCA and Dumont Type
66554 photamultiplier tubes indicated the RCA tubes to be much superior for HAFPO
applicetions. Temperature tests were completed on several 1BS5 GM tubes and three
HAPO C-P instruments. Evaluation of several Ni-Cd small rechargeable instrument

" batteries wus started.

The computer study of the FPD autoclave temperature control problem has been comp-
leted. The instrumentation portion of the 333 Bullding Autoclave Installation
Design Criteria wms prepared, based on the results of the computer study. A report
describing these results ia in preparation. _

A new model ion count control for the experimentsal nuclear physics mess spectro-
graphs was designed and several critlcal circuits breadboarded. All pa.rts are
available, and construction may start next month.

A reference system for calibrating the Schaevitz DIRS-100 Micro-Displacement System
for in-reactor creep measurements has heen selected and the required ccmponents
have been ordered or are under fabrication on site. The system iz 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 microe
scope. Fused quartz linkeges will be employed in trensmitting motion fram the LVIT,
inside the furnece, to the measuring devices, cutside the furnace. Linearity and
long term drift will be examined st temperatures ranging fram 209 to 4009¢C. 1In
order to minimize vibration during the calibration, a speclal setup bench has been
designed which is capable of supporting at least a ton of lesd, should it become
necessary, 1ln order to attain the required degree of stability.

Further investigations to confirm the feasibility of making tke process-to-shroud
Sube gap messurement in the PRIR by eddy current methods were conducted using the
Magnaflux FW-40C locasted at Wnite Biuffs. The results were essensially favorable.
A preliminary investigation to determine possible probe materials and campcnents
vhick will meet the temperature and radisticn requirements has heen initiated, =nd
conductivity stability is expected to present the major difficulties. The tests
using the FW-40C were performed with a freguency of five kilocysles and the instru-
ment prodaced detectable indications throughout the full range of gap variation. A
rrototype laboratory probe 1sg expected to became operational during June, and a
considerable amount of data concerning the other perameters encountered in the
measurement will be .obtailned using the new probe.

Optles _
Pyrometer Telescopes - Three small telescopes have been designed and fabricated for
28e as radiameters in controlling and indicating brightness temperatures. Two of

- %these are in use by Ceramic Fuels Develomment Operation. The third is being fabri-
- 2ated for R. G. Wheeler. The sensing element is s Hoffman Photovoltale Detector

Capsule which ha.s been prov:l.d.ed. by Ceramic Fuels.
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FPRCF Periscope - Design sketches have been prepared describing the lenses, spacings
and essential festures of & periscope to be installed in the FRIR Critical Facility.

Underwater Light for 105-C FEF - A mirror and lamp 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 ccmpleted. Fabrication has been started.

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

FFD - Materlals Engineering authorized development of a radiation ratio pyrameter
for measuring the temperature of copper cled coextrusion billets. This instrument
is to have an accuracy of at least *.10°C at 730°C. If feasible, further develop-
ment will be done towards a second instrument with am accuracy of + 29C.
A total of 449 manhours shop work was performed during the four-week period (May 1
to Mzy 29). Of this, 9% was for IPD, 234 for CFD, 62% for HLO, and 6% for CEO.
The workiincluded: _

Repair ¢of borescope components for Irradiation Testing Operstiom.

Modification of an eyeplece of the Underwater Mj.croscope for 105-C Fuel
Examinstion Facllities. :

Fabrication of & lamp and mirror mount for 105-C FEF.

Fabricaticn of a set of 10 glass hearings for CFD.

Fabrication of two pyrcmetei‘ telescopes.

Fabrigcation of 8 q_ué:tz. windows for a photcmefer celil.
Reconditioning of & leed glass window in 327 Building.

Repair of a sterecmicroscope for Plutonium Metallurgy 2345 Building.
Modification of focus compensation lenses for the PRTR Profilometer.

Anslog Camputer Pacility Overations

The new EASE computer has now been placed in full service. The acceptance “ests
have been completed and formal acceptance of the equipment msy be made at any time.
The Chief Field Engineer for Beckman/Berkeley Division spent May 3, 4, and 5 here
a2nd vas successful in clearing up most of our difficultles. The digital voltmeter
trouble was isolated and determined %o be due to excessive temperatures within the
2cupenernt cabinet. This, in furn, was due to the use of an undersized cooling fan
2y tne manifacturer. He promised Lo zontact the mamufacturer in an attempt to

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

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

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

The PRTR gss loop problem has been on the EASE for the entire month. The GEDA
was out of service for almost the entire-momth for routine serviecing, for instelia-

tion ¢f trunk lines to the EASE, and for planning changes tc improve reliabillity.

Thers was no unscheduled down time due to equipment malfunctions this menth.
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Chemical Research & Development

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

IRRADIATION FPRCCESSES

Urenium Oxidation and Fission Product Volatilization Studies

Three fission product release experiments were performed irn the high level facility
at 292—E Building. The first used & 11.5 gram uranium specimer irradiated to

cex1l 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
atout 3 x l nvt were performed under similar condltions 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
indicetions were that the release of fission products was not appreclably affected
by the appreximately 150 *imes greater irradiation. Preparations were completed
for an experiment at 2 x 107 nvt.

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

+*he charcoal traps from tes*s at high irradiation levels may introduce serious
cclocidence leoegses; collimaticon techriques shouwld mwinimize the errors.

KPR Effluents

Fur+ker laboratory experirents ccorfirmed the effect of amrenium citrate in pre-
pcsed NPR decortaminating agents for preventing the scavenging of radiocobal?t by
rrecipitates formed iz the mixed soluticns. Systems contairing ar ammonium
citrate and EDTA mixture resulted in s~avenging decoctamiraticn factors of 3 to 5,
while similar systems containing ammonium citrate but without EDTA resulted in
scavengling decontamiration factors of 7 to 9. Systems containing EDTA only,
cxitting the amrcnium citrate, resulted in decontamination factors of 50 to 100.
Trese may be compared with scavenging decontaminating factcrs of 2000 to 6000

for mixtures confalrirg neither EDTA nor armeziux clitrate.

Reactcr Effluernts Treatrent

It cecaze recessary ¢ ckarge the site for +he pilot scals facility to be con-
structed for determining reactecr =2ffluent decortaminaiion ted variables. The
advertages leading to ar eariier de:zisicn %o loeste in the 100-KW Area were off-
s=* by the potential for flocding the facllity durizg s pericd when a reacior
sffiuent bagir was éraining. An aiternate site at 1C0-D permits rearly the same
design with a lower cost for imstallation. An order was placed fer the five tons
of aluminum which wiil e machined locally irto bed material.

De*ermication of 0.C1 to o,ooi Parcert Silicon iz Alurirur

Silicon was determin=d in high purity aiuminum by *the alierrating current arc
spectrograpaic method. Comparisons were finally ottained »y direct current arcing;
1ts insufficiert sensitivity was cvercome ty adding copper flucride to vaporize
the silicon as *he tetraflucride. 3Jettlrg comparisors by wet chemistry was futlle;
reagents introduced more silicon thar was present ir the alurminum sampies
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SEFARATIONS FROCESSES

Feed Preparation

Thermodynamic Calculations fcr Redox Dissolver Incident - Calculatiors have been
made in an effort o determrine the thermodynamics conditions which led to the
Redox Multipurpose Disgsslver incident. Since uranium oxidation rates obssrved
by various investigators and reported in the literature vary considerably, and
since the heat dissipating conditions existing in the dissolver are difficult to
defice and predict, the calculations are, at best, approximations. However, with
the assumptions used ir the calculations, the plausibility of such an incident
was dexonstrated. The calculations ilndicated that a self-propagating chaic-type
chemical reaction could take place in tbe alr-steam exposed siug ted in approxi-
mately 12 hours. This compares with the 30 to 36 hours actually required duricg
the dlzsclver incident. The calculations also indicated that heating of the
exposed slug bed would proceed slowly unill the bed temperaturs »eached 120 to
130 C; then tke bed temperstures would incresse very quickly {grester ihan 200 C
per hour). Caleulations were also made to determine the possibility of such an
incident oceurring in a "ccaventional" Redox crib dissolver. These calculaticns
indiczated that the crid dissclver is "zafe" for a similar quantity ¢f air-exposed
metal Decause of the tetter heat diasipating characteristics of <he slug Ted and
dizsolver gsystem. However, these calculations indicated that sigrificant changes
in the conventional dissoiver systex {e.g., doubling ibke air-steam exposed metal
heel; halving *he air ir-leakage rate) could produce reactive conditiors wizh
prolonged exposure of & meial heel.

Processing Nickel-Coated Aluminum-Clad Elements - Purther studles on *the dissclu-

ion of full size nicke.-coated ajuminum-ciad I and B fuel siemsrts ware made.
These elezente had nickel coating or toth sides of the aiumirum cladding. They
kad been heased at 550 ¢ for L5 seconds in one ster Jduripg fsdrication. The outer
vickel ccating wae nct attack_d by boiling NaNO3-NaCE decladfing soiutiorn. Urder-
lying aluminum was aittacked through impe“feCtions iz the pickel ceoatircg. Beiling
1M HNO3 attacked the outer nickel coatirng slowly (three hours were required to
remove “ke coating). Boiling 1.5 M UNE-L.5 M ENO3 rexoved the coaiing ir 25
minutes azd 7 M ENO3-0.002 M thNO:la reroved the coating befcre the soluvion
resacked boiling.,

Aluripum cladlirg, boih allioy C-5& and XBOOIF was remcved rasdilv by boilirg
NaQH-NaRC Eoth allcys were presark: in the fusl pleces us2d iz these sgtudies,

it is o2 unterest that the dissolution of alioy XBOCIF was vary slow in sither 7
or 3 M EHO: ceavalzing C.002 M JR(HO3,2¢ Alloy C-O% disscives rapirély ir these
veagenas. “The inrer nicksl ccat ing was =ssertially urattacked by REOH-HaNOB de~
ciadding sclutiorn. Underiying AI-Si onding layer was attacked through imperfect-
ions in tke coating. Spectrographic acalysis of the lprer costizg indicated
acuminus, Iircn and silicor as major cozpcoanita In additicr o0 the expectad znickel
ard phosphorus. Samples of the inrer nickel coating and the AL-Si bondirg layer
were found readily sclutle in 2 M HN03-0.002 ¥ Hg{NO3jz but nct in 2 M HNOz alone.
Betn dissolved readily in 12 M HEO‘-O .0C2 M Eg(N0~)2 leaving consideraople s-lica
as & residue froxz the AS-3i. Pive declad coras, itk mcre or lass iatact imner
nickel coating and Al-Si “ond; were dissolved in ritric acid {(ioitially 13 H) In
all cases, ccating and bond materisl wers undercut and attack on the underlying
metal was rapid. Penetration rates were not measured since exposed ares was not

measurable. Erd grain attack wes very marked.,
Hanaen 2 s nAiTi
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NFR Decladdd - ®ront end and rear snd defects plus sections from the ceater of
extruded KPR annular fuel elements were declad in three rugs with 5.5 M NHLF -

0.5 M NH,NO, dissolvent at a F/Zr mole charge ratio of seven. A batch tubular
dissolver was used for the dissoiuticns. An average boilup rate of 0.25 1b-mol/
‘hr.sqg.ft. based on initial Zircaloy surface ares was malntained with the condensate
diverted to a separate vessel and replaced by water addition. A dissolution time
of three hours was not sufficient to dissolve all of the massive Zircaloy, but

was long enough tc expose approximately 90 percent of the uranium metal core.

Data from the runsg indicate that losses to the Zirflex decladding waste are less
than 0.5 percent for this type of operation. It will bYe 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 ir 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 Zirceloy cladding. Experiments +o determine this loss with proposed
.fueis are being held up pending soiution of the problem of measuring and cortrol-
ling pH in Zirflex solutions.

Also of concern is the possible formation of explosion sensitive surfaces on
uranium-zirconiuz alloy when dissolved with ritric acid only. Such surfaces are
readily formed on alloys contalning from five to tweniy-five percent zirconium.
The lower limit of zircooium conteni for sensitive surface formation is not well
defined. Attempts to form such surfaces on U - 2 weigkt percent Zr alloy bave
been successful only when the allcy was given a prolonged {3 weeks) heat treat-
went at 575 C before dissolving it in nitric acid. Reproducibility was poor even

with this treatment.

Dissclution rates for the U - 2 weight'percent Zr alloy in nitric acid oniy were
very low compared to rates for uracium metal under similar circumstances. Penetra-
+ion rates decreased from atout one mil/hr. in bodling 10 M HNOz tc 0.1 mil/hr.

2 M HNO3-1.75 M UNE.

The only rrocedure currectly avallable for preventing sensitive surfaces on U-Zr
alloys during dissolution in nitric scid is to add fiuoride ion. Several studies
have shown %that the concentration of fluoride must be at least four times that of
the dissolved zirccaium. However, to use this procedure ir the Redox 300 series
stainless steel dissclvers, it wouid be necessary to protect the dissolvers agailnst
severe corrosion by the nitric acid-hvdrofluoric acid mixture. Aluminum ion ir a
mole ratic AL/F of one or more is effective. Previous studies have shown that,
wken alumirum Loz is presest, the fluoride to dissoived zirccnium mole ratio must
be greater than four. Basad on these requiremects, a test flowsheeit having
verripal dissolver solution composition 1 M UNH-1 M Al(HO:)3 -0.8 M fluoride-0.05 M
zirconium was proposed. Although synthetic solutions with this composition and
with free nitric acid from zerc +o 0.8 M were stable towards solids formation,
solid-free solutioms could rot be obtained in attempts to dissolve U « 2 weight
percent Zr alloy to terminal sclutions of this composition. Dissolution rates for
¥ - 2 weight percent Zr in *‘hese solutions, while higker than in aitric acid only,
were still low compared tc the dissolution of uranium metal in nitrie acid.

DERI Aesici,
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Solvent Extraction

Purex C Column Studies - Demonstration Unit 1C column tests using 1CX prepsred from
Purex water treated with tke new caticn resic (Ralcite HCR-W) izdicated satisfactory
plant performance would bte obtained with this water. At the stardard test con-

ditions (1270 gph/sq.ft., one inch pulse amplitude, 60 C), the instability threshold
frequency with this water was U7+3 cyc/min, compared with 57l with distilled water.

A sample of A-6 crib {steam condecsate) was alsc 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 distilled
water 1CX to test their effect on the instability threshold. These inciuded fimely
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 Bentonlie were individually tested as siabllizing 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

8C cycles per mipute. o

Purex 38 Column Studies - Develorment studies are almoet complete on the cartridge
design for the proposed 3B column. Tke most satisfactory cartridge *ested so far
contains four-inch spaced stailnless steel nozzle plates with the free areas and hole
diameter graded from 23 percent and 3/16-inch, respectively, in the top third of
the column to ten percent ard 1/8-inck in the bottom two-thirds, and with 23 per-
cent free area linear polyethylene plates cortaining 3/16-inck holes inserted at
one-foot intervals in the upper three-fourths of the colume. The plastic plates
%end to stadbilize the columm by coatinually coalescing the tight emulsior and pre-
verting the growth of large globules of organic which tend to form at +he top of
the cclumc at high rates. The plastic plates also permit efficiant-appearing
cperation under local flooding conditions. In fact the most efficilent-appearing
operation cccurred at frequenciss just helow the complete fiocoding thresholds.

The following table indicates the range of operability of the cariridge at about
0.6-inch amplitude:
Frequency, Cycles/Min.

Volume Velocity, Gal/Hr-Sq.F+. &80 1020 1350 1890
Tight emilsion duiliup began at: 75 70 65 -
Mild local flooding begar at: 9C 75 67 60
Coxplete flcciing at: 1¢5 58 G3 -

The effect of pulse frequency ané aqueous-tc-organic flow ratic (L/V) on tie dis-
persion profile was otserved ir one series of runs using a 23 percent free area
nozzlie-plate cartridge. At volume velocities ranging from 1100 to 1500 gal/hr-sq.
ft., the omset of lmstability was chbaracterized by a 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;
particularly to the great amount of agueous phase backmixirg that occurs at very

low aqueous flow rates.
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Cavitation Calculations - Purex 3A Cclumn - Calculations show that the mirimum
pressure developed at the plston cf the Purex 3A column will be approximately 5
psia. Since the vapor pressure of water at 140 P 15 approximately 3 peia, there
does not appear to be a caritaiion problem. The leakage rate for a pistor pulser
is calculated tc be arproximately 0.C3 gal/min at typlcal coperatirg conditions.

WASTE THEATMENT
Qbssrvaticn Wells

A well-drilling contract was avarded by the AEC to the Hatch Drilling Company of
Half Moon Bay, California. The contract is for the construciion of 19 monitoring,
test, apd research wells at a cost of $77,430. 1In preparation for this coustruction
tests were performed %o evaluate the ability of Kal-Well casing to withstand the
pressurs generated dquring jet perforation with shaped charges of high explosives.
Examination of test perforations with the closed-circuili TV camera indicated some
tenderncy for the casing to split under this treatment. During one of the %ests

the casing apparsntly collapsed on a section of the perforating gun, ledging it in
“he well. As a result of these studies the drilling contractor was notified by the
AEC that the light weilghi casing shculd rot be used in comstructing the new wells.

There were no significant charges in ground water contamizaticn patterns ir the
viciri%ty of the 200 Areas over the past zornth.

A special gamrple of grouné water chiained recently froz well 239W-22-5, located

200 feet easy of the abandomed 216-8-1 & 2 grids, contaized sr¥0 a+ a coccentraticn

of 1.5 x 10°° uc/ec. The appearsance of Sr9 at this leceticn is nct urnsxrected
8loce 1% I3 consistently rresent ix sampies from well 299-W-22-2 at the cridsite.

Alsc; It was dstected in scil samples obtained from near the grourd water +ahle

when the WZ2-15 weil was drilied in 1955. Special processing of three-liser saxpies
rom nearby wells hag beer requested 4o further Jdefine the extert of any Sr

spread ir ths ground water at this loessicz.

Aprroval to sink six two-irch well points at selected locations nsar “he iractivated
106 +ank ir the 2il-T Tark Parm was obtaized. Protirg cf these TO-fcot shaf4s is
expected to yleld useful dava relative tc “ha spread of waste in zcils for it is
guspectsd that scme waste had iz2aked frex +his tank abocut six to elghs months agc.
Suck data Tmay be of significart value In arpraisiezz © leak detecticr systems.

Dizposa’, ic ZFrcund

Frozossd matheds of dispesing of wastes frcr the T-Flart decontamirasicr facilivy
were studi2d. The used clsaning soluticns apd cell drainage waste arz to Te
roeussd ke the Z5-TY-3 crit. The low volumss and expected low &ctivity o <hess
Ervze shoull make ground flsposal eczspiatla even shough they ccrtalr decorliam-
isa=ing chemicale that irbibit adsorptior processes in some cases. The existing
reule te the orid i3 by way of the 1177 ard 122-T tarks. These tarks currently
conBasn siulge axd suparmatant solutiin rapreseniing secomd-cycl: wassaz Sron he
tizzuth prosphate rrecess. This material corntairs ralatively high concerntratioes
of £st37 (2.8 x 202 uc/ec) ari 829 (3.0 x 107 uc/ec)., The possible effect of
charieals In the deccriaminating scluticns on the radioisotopes in this residual
wagse i3 Daing studied. '
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Serivorke Waate Calciner Protctyre

Seven runs were ccupleted during the month employing a modified ANL feed nozzle
and a feed of simulated high acid Purex waste. :

Performsnce of the modified ANL feed nozzle (liquid tip exterded 3/16-inch teyond
air tip) was characterized by regligibie aggiomeraite formatior azd nmear steady-
ztate partizle size conditions. Atomizing air flow requirsmeris for thiz nozzle
are only 75 percent of tha% required im the "standard” rozzle. Atcmizing gas to
faad Plow ratlos as low as 270 resulted in satisfactory parsicle szize control and
an acceptable agglomerats formatica rate. At gas-feed ratios of 360, nc aggiomer-
stion occurred; however; the average particle size decreased during the run,

- indicating ac optimum ratio for this nozzle at 300-323.

Under the above conditions, the total off-gas 80llds extralamert amounted to 1 to

b weight percert of the produci. Of this amouni, spproximately one-half exited

at tbe scalping cyclone, ard the remairder wiih the condensate and scrubd sireams.
Avalysis of the condensate and scrud indicates approxirately one weight percernt of
the sulfate in +he product is carried past tke cyclope presumably as calcined fines.

Two runs were made ic determins the effect of preheated {100 - 2060 C) atomizirg air
on rozzle performance. Althcugh the rurs were of short duration, nc probiams were
eccounterad ror was there any significant difference fromw rume emplcying corparable
copditions using ambient atomizirg air.

Batch Waste Calcinaticn

Tyc labcratory seale studies orx the fixation of Purex waste in an urvagitated pot
were made during the month. In one study, scdium sulfate crygials ware placed
Between two layers of powder frem the fiu’d bed waste celciner {the sirmiated Purex
waste fesd to the fluid Ted unit had a sulfate o sal niirate ratic of 0.:8).

The quartity of scdiuz sulfste added sirulated a feed with & suifate o sal<s
pisrate ratic of 1.0. Ucder such ccnditions, a meit formed at 900 C as expected.
However, itke mel% formed orly in %tae lower porticn of tbe pod, the uprer layer of
calcined powder reralred uncharged. As a resuli, a largs veid developed witrl

“re pot. Pot corresisz was severe in the regicn of the sciium sulfate laysr.

Iz ke zacond study, & liquid feed high in sulfate and phosphaie waz calciped at
85C . The suifate plus phosphate t© sal® nitrats ratic wse I.L szd ths sulfate
zciarity was 1.5 times that ¢f the phoaphate. Pure scdium sulfate and scilum
TyTerphcszhats form & sutectic (MP T8 T &% the ainve sulfate < presphate resio.
Iz *ne calcination study, a m—elt did form but was very viscucus {more viscucus
thaz previcusly cheerved at sulfate to sait nitrate ratios c 1.b), suggesting
the formation of rolyphosphates. Pct corrcosion was negligible.

Corrosion c? 3Ck-L Stainless Steel by Alkaline Purex 1WW

Coupcus of 30k-L stainless sisel have now deen exposad to iiquid and vapcr phases
of btoiling aynthetic Purex 1WW at pH 10.5 for a total of 2100 heurs. General
corresicn rates are less than C.0L nil/mn. However, some very sma... pits wkich
srTear ic be developing at atcut 0.1 milfmp have been cbserved. Exposure of the
samples is comtinuing.

12495715
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TRANSURANIC ELEMENT AND PISSICY PRCDUCT RECCVERY

Promathium Purification

Tha P?ivat coid rus ir the A-Cell equirment, reported last meath, was completed
ard 81l solutions sralyzed. Seperation of +the rare earihs into individual bands
was excellert with the "keart cut" of each band aszaying > 99 percert purs. The
very early separatior of yitrium Iate & bard at the leading adge of the rare earth

‘papd will permit aiution of this tigh-wattage element to wasie early in the

elution cycle., The cnly slight 3ifficulty experienced during The run was praclp-
itation of scme ¢f the lanthanum in colwms 3 ani 4 {however, this did not plug
the columns cr prevent eludioz). 1s precipitation was due to the fact thet the
lanthapum-EDTA complex is less scluble than the rare earth-EDTA complexes, to

" reduction of flow rate on iransit from column 3 (two-inch diamater) to column b

{one-inch diameter), and %o shutdoyn over two weekends. ZLanthanum precipitation
would not be expected ir & normal run, where tte lauthanum, praesecdymium, and
most of the neody=zium would be eiuted to waste after column 3. Following the run,
regir was displaced from the columr remotely using the same technique thal will be
exployed after "hot" runa.

A gecord cold rumnm was begun May 23. Conditiors are identicail to those of the first
run except for substitution of Dowex 5CW, X-12 resin for Dowex 50, X-8. Use of

the hfgher cross-licked resiz is desiradle tecasuse cf expecteld grzatsr reslssance
to redisticn damage. EBarly irifcatior from %kis run ig that the X-12 resin 1s as
eatisfactory as the X-8.

Pcliowing the curresn: mnm, 1% is planned tc mske ome mere "cold” run vefcre intro-
ducing Purex concenirate. Feed for the third run will cortaln a "apike" of
premekivm, axd also rossidly emerigium tracer. Flow rate will e increased from
2.6 ml/min,cm‘ 0 stoud 6 ml/min,cz= iz the firsi thwae cclumrs. The flow weuld
ther be reduced tc sZoud b mlfmiajcmalin the smailesr cclumms. If ail goes well
ari feed is availatle, it iz pilarzned %0 g0 het esrly iz July.

Ar informal raport, Toe Sepsraticn of Cerium frcm the Trivalsct Rare Earths Using
Eviroger Perox'de ard Scciusz Acetats, TY B.J. Wheelwright, EW-52303, Mey 1O, 1960,
was issued durirg the acmth.

C=giuxw Reccvery from 103-A Tank Supercate

The aikallne sure=naze iz the boillng Purex 103-A waste tack was recently zhcwn

e coniain scxs 03 curles ¢f wall-eged cesiux-13T par gallcr,and there is interest
ir ghivping a concentrsis of *his matsrisl to Cak Ridge for isoiaiion, packagizg,
ard sals., Twe lirss <F research have msen pureusd iz vebalf of this goal. Cre
involves an extensicr c¢f previous work wiih zinc ferrocysnide acd the other the
use cf lznrgeslc icn-sschangers, the latier %¢ Te contalref in an sxlziing CRNL
Skirping cask %0 “ci: concentrate the cesium and mirixize ip-transis bazardés,

Bcth approactes were found techrnically feasibie.

™0 atsorbers, the mineral cliroptilclite and the synthetic lnorgaric lon-

excharger Decalso, were trsated hatch-wize witk successive voliumes ¢f fu._-sirengsh

1C3-A superrate, wiik the sclukion allowed 1o it in contact with the exchanger
2cr a period of %ime afier eack losding. On completion of the loading cycle,
4+he bed was washsd exhaustively with water, eluted with successive volumes of
—0 ¥ RELN0q, axd all elvetes sralyzed. The lcadinpg ard elutioz behgvior cf the
W0 &280rvénts was essersialiy idemtical. The Decalso loaded %o over 80 curiles

X
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of cesium per gallon, ard over 95 percent was removed with only four bed volumes
of 10 M !I'Hh_NO3. 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
-0f Decalso and 1.6‘uc{ml with clinoptilolite. The respective strontium-90
values were 0.0006 snd 0.006 nc/ml. Although equivalent chemically, the physical
characteristicas of Decalso are superior to clinoptilolite, and it also has the
advantage of ready commercial availability.

Experiments with zinc ferrocyanide were direscted toward precipitation of cesium
from alkaline solutions containing the concentrations of carbecnate and nitrite
found in the 103-A supernate. Cesium recoveries ranged from 91 to 98 percent,
and it was found that neither carbonate nor nitrite interfered with cesium re-
covery as cesium zianc ferrocyanide. Previous experiments which indicated that
carbonates interfered with the process were apparently in errcr. Experiments,
based on these findings, with a synthetic 103-A supernaie demcrstrated that
ceslum can be recovered from the tank supernates in good yileld and purlty by pre-
cipitation of cesium zine ferrocyanide.

Strontium Recovery

The new 75 ton Dake press was received, set up, and has been used for pressing a
numher of ¢pe~inch diameter strontium titamate pellets, using as starting material
a mixed strontium-titanium cxalate prepared from commercially available titanous
sulfate. Presaing characteristics were superior to and dansities somewhat higher
than with the commercial stremiium titanate powder used in most previous pressings.
A larger quantity of mixed oxalate is now being prepared for trial rressing of
2-1/2 inch pellets. X-ray diffraction studies ares also being xade to elucldate
the ckemigtry involved and ldentify the iptermediate.

Strortium Isotoplec Armalysis

Aithough the strontium in the Purex 103-A tank is not of interest frcm a recovery
atandpoint (since most of the strontiux is in the izaccessidle sludge layer rather
<han iz the easily removed supercate), the isotopic composisicn has teen deter-
rired as & teat of pewly deveioped analytical metheds and sirnce the extent +to
wihich thies material is coriaminated with natural strootivr mey e a measure cf
the quallty of Purex sirontium. For heat scurce applicaticn, very litile non-
fiazior stroptium can be tolerated. A sirentlum-90 ccutent of only 17 percert
was found, versus 6l percent a2xpected. Source of this large dilusicn with catural
streeptium i3 unkoown. Arvalytical zathods are accordirgly bairpg dsvelored for the
deterriration cf strontium in uranium mefal and for the iscsopic aralysis of
s=xcntium in Purex IWW. Even a few ppm ¢of gircontium in the wraniur slugs charged
the reactors wouid comsiitute a serious diluticr.

0
Teckretium Recovery

Leveioprent of analytical methods for the deiermination of wechnetium-99 in a
varis{y of plaot process ard waste streams conitirues., The 103-A supermate was
acalyzad by three different methods based on (1) sclvent extraction, (2) ion
exchange, and {(3) polarcgraphy. The results were in good agreement at about 90
mg/gal and skowed that this supermate is a rich potential source of technetium.
IZ tke qyyegpqte_ia pumped from the tank for cesium recovery, 1t should be
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relatively easy to recover kilcgraﬁ quactitiss of tschretium. Metrods for doing
this are being explored. Both an ORNL-type magnetite precipitation and anica- _
exchange treatment of the alkaline supernate show promise. Dowex 1 readily absorbs
over 99 percent of the technetium; however, subsequent elution with dilute nitrie
acid is somewhat slow and is teing investigated in more detail.

A sampling program hes teer set up at the UO3 and Purex plants which should allow
astablishment of & technetium material balance over a falrly extended pericd of
plant opsration. These results should also indicate the best point for coatinuous

plant recovery.
Shielded Solution Tramsfer Cask Calibration

A series of experimental heat iransfer measurements were ruc on the first (of two)
200 gallon shielded sclutica transfer casks to determine the number of watts of
radiocactive decay heat which can te accommodated without forced cooling and wilth-
ou% exceeding a safe solution temperaturs (200 F). The critical heat input rate
was found to be 4.6 KW for 80 F ambient temperature conditions axd 5.4 XW at 60 F.
Both 0f these are greater than the desigr value of 3.5 KW.

Flsslon Product Fackeging Protoiype

Tazta were continued cn the drylng of weter scluble salt brines in the izductlen
heated rotary kiin, These +ests included the use of initermittert feed; a long
scraper knife, and steel tall lcadings to keep the scraper free of caked salt.

The intermittent feed and agliation derived from the Lalls kspt +the scraper free
from salt cake., However, the scraper assembly deflected about i/8 Zrch ard cake
butlfup persisted on the walls of the kiln. 3Because of this salt accumuiation,

a recovary factor of only 43 percent was achleved during a seven-hour ruz. Further
tegts are planred i modify She scraper asgermbly and <o lavesiigate the feasibility
of uwsing volatile =za’t aldiitives to aitar the cakirng charscteristics.

Ceriur "Rougk Cut" Filter Siudies

M™e proposed cask toc be used for the iranafer of the "rough cut” cerium filter

to Oak Ridge contains & low melting slliocy (Asarcclo 158, to dissipate “he heat
garerated Tty the fisgler product cake. 8Since 1imitsi irformaticr is avallable

or the keat traznsfer characterisztics of the metal, and since excellext heat
transfar 13 requirzd to minimize shipping kazards apd to prevent cverheating of
the fllier cake, latoratory experirzeris simlating the actual cask heat trapsfer
aysisx were performed., In surmary, the expariments demons<rated that the resisi-
axce to hea’ trapsfer scrcgs the slloy-stalnlass steel film was acceptably low.
Detalls of the studies havs Taer submitted to CFR Faciliiisz Ergineerirg.

AJAZTTICAL ARD INSTRUMENTAL CEEMISTEY

Sclil State Electircric Powar Pulse Gererwbor

A repcrt (EW-65455, "A Sciid-State Pcwer Pulse Jenerator,” June 1, 1960) describing
this device is in pubilcaticn. This unit kss been in use {cn 2k-hour per day
service) in the Non-Meitallic Materials Develcpmert Operation for three months and
kaz row been shut down oriy hecause of failure in a scleapold pump which is powered

251 n&msﬁ“
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A paper with the title "Voliage Scarning Couwlometry: Its Application to the
Determiraticn of Traces of Iron" (Repert EW-SA-1848) has been prerared for pre-
sentation at the Summer Analytical Symposium st the University of Hcocuston in
Jupe and for subsequent pubiication.

This new analytical method, which is mors specific and has & detection limit some
100-fold lower than contreolled potential couwlocmetry, shkould have wide applicapility
for trace level chemical anaiysis. The improved sensitivity is obtained by scan-
ning the potential betweer the working {titrating) electrode and a referenca
electrode at a constant rate and over a range embrscing the reduction pectential of
the couple being titrated. The current which flows in the absence of a sample
(i.e., the blank current) is relatively insensitive to potertial and plots as a
fairly flat curve against potential. In the presence of a titratable species,
however, the total charge receasary to convert this species from one oxidaticn
state to anocther must be provided at a potentlal near ‘the thermodynamic reduction
potential. The tltrated specles thus contributes a gkarp current peak superposed
on the flat blank curreni., Thus, correction for the biank current can be made
quite precisely and enables much greater sensitivity. The potential at which

the current pesk occars Jdefines the spacies being titrated, and its amouat can be
deduced from the total integrated currsnt over the peak. In sctual fact the peaks
are quite gyrmatricsl and concentratlons can be related directly tc the peak
reighus. '

This anasyiical metked has heern showr %o be applicable also to the determination
cf lead, cadmium, mercury, silver, ﬁopper, gold, plutonium, and neptunium. A
detection 1imi% for irom 9f 5 x i0™" microequivalents (0.025 micrograms! or, assum-
irg & 5 m sample; of 20-7 moiar and & stacdard deviaticn cf + 0.02 micrograms

kave been cbiained.

Deterzination of SrS9 and 290 1r Mi1k

Strontium-89 ard strontium-5C wars separated from milk by ion sxchgnge. Dowex SOW,
x 8, 50-100 mesh was used in the_sodium form. Milk spiked wi+h Sr°” aré milk
ochtaired from cows dosed with Sr°° were used to confirm tke method. Preliminary
work resulted iz overall reccveriss of 80 percent. Use of *he resin is sxpecied to

ellnirate the reed for dahyérating, aehing, and gclubilizirz 4= ash.

Leter—ination ¢f Teckretiur in Uranium ProducT

Beta courtisg was used to determine ike me 9% concertraiicns in product uranium.
Prelivirary extraction ¢ teckretium w3as necessarv. Hexore garturatsd with fe+ra-
Poenylarsonium chloride extracted G5 percent of the isctope.

Determirvaticon of Zinc v Pluiorium Me+tal by Polarograply

Iapurivy zice was determined ir plutorium metal with a precisica of + 3.3 percent.
The metal was dissolved in 9 M hydrockicric acid. Polarograrky was applied *o
sample diluved wiih 0.1 M KCI to an scidity Telow 0.01 ¥ thus aveiding inptarference
?roem a hydrogez wave.

1269579
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EQUIPMENT AND MATERIALS

Z Plant Centrifuge Testing

Preparations are underway for 300 Area tezting of a 6-irch contirnuous centrifuge
for Z Plant. Process testing in the 321 Building will include operation with
simlated NFP 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 4l 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 is sensitive to 0.0l inch-ounce unbalance and is

avatlable to service HAPO requirements.

Pump Testing

AW-65024, "Development ard Testing of a Magnaflow Pump,” ig currently beirg issued.

Magretic Pulser

Calecuiaticns irndleate that a 125 pound force-sclencid type-magnetic pulser can be
used 0 pulee & L-inck Recuplex A column at a frequency of 80 cycies per minute
ard an arplitude of 1 inch. For calculation purposes a 50 foci-U tute cclumn con-
taicing 130 pleies with 13 percent frse area was assurmed. Specifications for a
ta2st pulser of tkis type are belng prepared for submission to magnet maczufacturers
for bids.

Cozpariscn of 209 SCb ard 309-L Staitlesé Steels

Prllowinz heat +reatment a%t terperaturss ranging from 1300 +c 215C ¥, samples of
279 8Ch welded wiikh (9 SCb and 309-L walded with 309-L were expossed for L0 hours
4c boiling synthetic Purex 1WW (5 M ENOa)a No sigrificant differences in corrosion
raies as & funcetizn cf ha2at treatrest taxperature were obgerved smcng the 300 SC:
samples. Coupcns of 303-L In tke as-welded condition and when heat treated at

1300 ard 1500 F siewed gapsitizedlcon with corrosicon rates ravging ss high as nire
mils/moo There has heen no svidence developed to date that 305-L is more satlis-
factory than 3035 SCb for service in nitric acid systams.

FPOCESS CONTROL DEVELCOFMENT

"C" Cciumr Tes® Facilley

Icrstrumept calibraticns continued durirg the month. The 1CX and the 1CP flow
.reccrder contr¢llar calidbrations were completed, and a prelimirsry calibraficr of
Trka ICF protometer obtalred. Final calibration of the ICF photometer apd of the
colume depsity insirumernt wlli be made after the desired ranges of these irstru-
rarts have beer ssatatvlished. The 1ICF fiow Indlcation was correlsted with the 1CF
urarium concentration, and tke data reduced by least squares techniques for use

with the data reducticn code.
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Skakedown muns of the facillsy heve resulied in satisfactory creraticn of the
control systexs for the 1CX and 1ICF flows, interface position, pulse frequency, .
1CX pH; and 1CP uranium copcentration. The 1CX and 1CF temperature control systems,
while acceptable, are sluggish and required prolonged operation 1t reack tempera-
ture equilibrium. Minor modifications to the steam and condensate plping to the
heat exchangers are expected to Ilmprove thls condition.

A blown diaphragm on the 1CF temperature conirol, air-operated, steam valve and a
similar occurrence with arn identicel valve on another imstallaticrn, indicate that
tetter dlaphragm materilal will have Yo be provided for {these valves.

During the gshakedcwn rups & glass section of the column was broken while inserting
the mid-column photometer into a sample port. Redesign cof the photometer support
anéd counter balance system has been initiated and s possible redesign of the
sample ports 1ls teing contexplated to mirimize this probiem.

Control Mcéel Develorpment

Theoretical operaiing lirnes 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 rigorousliy iested and the coefficierts evaluated.

Toe firnal resuis are expected 4o he an expressict of uranium corcentration in
either phase as & functior of input variabjes and column height. The final model
will e used as a tasis for a control system for a colum= of fixed gecmeiry at
steady stats conditiocnms.

Icetrumantaticn for Bubble Ccuntar

Davelopmert of a %ims tc pulse amplitude converier for use with a dubtle courter
“ransducer hes teen ccxpleied. The converter opersies with bubkle durations frexn
G.05 to at least 1.0 seccnd and may be callbrated from a*ous 0.1 seccord ¢ 1.0
sacond using the present cali»radion circult. Read out for the sysiex is a 20
charrel anaiyzer whick scris pulses acccrding to amplitude and alsc tcta’lzes the
vises. Tris lpformaiicn is anslagous, respectlvely, to indivildual buthle diaxeler
and +ctal nuxber cf hubbles per urit %ime ir the solution reirg araiyzad.

U0z Calcirer Fusrace Ceoaitrcel Systex

iy Aot

An equatlon describing the calciner fursace transfer Functicn, tased on a thecretical
ziel, hasz Ttzer Jerivel. Plezs ars %o simuiaste the calciper ccrirel sysTem oz az

araicg coxputer to deiermire the validity of the mcdel and the requiremects fcr a
gsanl2 control systenm.

FCK-FRODUCTIOR FUELS REPRCCESSINI

Mechanirsal Procesaing

Shear System Studlies - Recazt studles oz the 40-tcr develcpment shear system which
containe the basic cperaticnal componenis of the mechaaical cell shear sysism (shear,
waser recirculation ard clarification devices) have demonstrated the bYasic feasl-
tility of the compliete skear asystem. 'The hydroclone and water recirculaticn system
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operates effectlvely to route greater than 99.8 percert of the sheared U0z into tke
shear catch bucket. The shear-to-bucket “"rough” seal maintained water leskage well
below the hydroclone capacity. During the studles approximately 100 pounds of UQp
were shear

Initial results of the skear blade studies show (1) shear blade hardness in excess

of about Rockwell €55 is not desirable, aund (2) sharp, fragile points on Vee
tlades are not desirable (i.e., "points™ should be generously rounded or flatitened).

Coldsaw and d Hackssv Studies - HW-£2843, entitled "Interim Report - Hacksaw Studies

for Power Reactor Fuels Reprocessing," is currently being isgued. This document
summarizes Process Equipment Development "cold" saw and hacksaw studies and recom-
mends hacksgaw feed mechan*ams and blades for cutting Harnford's proposed reprccessing

load.

Fzel Element Disassembly - HW- 65380, ertitled "Yankee 3and Cutting,” is currently
being issued. The document discusses the various methcds studied for removing the
tie atraps and bands which hold the Yankee subassemblies together. Fuel element
shimming, abrasive sawing and siitting knife studies are dlscussed.

- Dissolution of Arpal Filter Matarial - Synthetic Redcx process feed soiuticn was
preparea by ce-dissolution of uranium dicxide and Arvel filter material (amounts
corresponding to six pourds cf Armel per ton of uranium) Digpersion and disengag-
ing tests irdicate ro emilsicn formizg tendency due io the dissclved Armei. Im
similar tests made previouzly with Orlicz fil%ter materisl, emulsicrn fcrmation
occeurred. The test was made in connectioz witk a proposal iic recover sclids from
the shear tasin filter by dissoiving fliter and occluded fines while dissclving
uraclum dioxide ccres.

Fead Preparatice

Zirflex Prccess - Two runs were made to demcnstrate the Zirflex decladdirg of
oxidized FRTR fuel elements (Zircaloy-2 clad UCz) in a recirculating dissolver.
Dissolven’ charge concentratlces for the runs wers 5.5 M NH,F plus 0.5 M NELNC
with & F/Zr mole charge ratic ¢f seven. A gteanm sparge “was used for mctivazicn of
the dizsgolvent iz tie first run; and ap &alr sparge was used In the seccond 30 that
uranium core lesese to the dscladding wastes could be compared for the twe methods.
The 2l elemeni cladding irclulding end plugs and hangers was coxpletely 2isaclved
ir legs thar six bheours Ic Botk cases. The waste soilutlons were cooled overright,
esoirifugsd to removs UCy fires and UFy precipitate azd sampled %0 feiermire
SCclutlis urah‘um lcseas. For the steam spargsd run, uracive loz2ges weors arprexi-
mataly 0.7 gjl or C.33 percenit of the charge. Losses for ihe air sparged run
were incrsessd by approximately a factor of three %o 2.0 g/l or C.85 percert cf
toe uranium eha_ge. These losses were higher by a factcr of 1C and 28 than the
iceses frox the steax spargeld dlssoluticr of unoxidfized elezmerss reperted last
wonth, possidly Decause cf the typlcal unevern penetration always secursd with
oxldized elemsris.

laboratery-scals decladding of Zircaleoy-clad UOp by the Zirflex process was dore
iz ar atitezpt to explain the urusually higk uranium lossesz sustaired in tre abcve
rilct rlagt rups. The Ziresicy cladding was cxide ccated. Amwonia removal was dy
steax starge. Urasium cortent ir the decladding solution was followed as a
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furcticr of decladding time. As axpected, %he soludble uranium cortent roge rapidly
tc a maximur of about 3.5 g/l e% about one howr. Thereafter 1i steadily declined
o about 1.7 g/l at the end of declaiding (four hours). After 5.5 hours steam
sparging wes stopped. Scluble urariuz ir the cccled sclution was 0.55 g/l which
decreased to 0.45 g/l at 22 hours. A uraziuw content of 1.3 g/l represents 0.5
percent lces in this run. These data are consistent with the recirculating
dlgsolver experiepnce described alove.

No completely satisfactory solutlon to the protlem of measuring pH ln Zirflex sclu-
ions has been found. By careful tuffering and by remaining in the pH range 6.2

to 7.7, reproducible resuits were obtalned using new general purpose Beckmar glass

electrcdes. The same dependsnce of Zircaloy dissoiutlion rate on hydrogen icn

ccncentragécn a3 previcusly reported was found -- dissoiuilon rate 1s proportional

+s (g7)0-8C, Preliminary data on the dependence of Zircaloy dissclutior r%tﬂ on

free fluoride corcentraticn indicate dissclution rate proporticnal o {F~) -6 at

IE 7.

Sulfex Process - Small scale studies of nitrate destruction by formalin in typical
Suifex declaiding sciutiozs have clearly ipdicated tkat the ritrate removal is a
funciice of total acidity. At initial nitric acid ccncentrations ¢f adout 0.5 M,
citrate desiructiorns varied from 3 t¢c 99 percent of the initial as Tosal acldities
increased from 0.5 to 2.3 M.

One Suifex dissoiuticn of simclated fuel elements has taen performed in the Niflex-
Zirflax-5Sulfex pliot scale dissclver faciliity., Abcut 200 pounds of uraciuz dioxide
peliets, ¢l ir 0.026-izck wall thickness, l/2-inch dlameter; Iyp2 20LL =tairless
Seel tubing were succeszfWly declad with swifuric acid. The izliial acii con-
centraticr was focur molar, ard this waz increased to about six molar by slow acid
séditicn. The hydrcger eveliuticrn rate 1lzdlcated “hat the aitack rsis wasz markedly
raduced from that obiained ln glasswars runs cn small pisces of tke sams Huting.
The rate was va2ry sicw at first, bullt up slowly tc a mawizum with acid addition
ard ther fell coff vary grafually witk consumphior of stainisss stsel. The hydrogern
avoiuticn profils 1s strovgly reminiscent of a probatbililty curve. The fall off
ir reacticr rate was derorstrated 40 nch be zolely due to depleticr of the acild
Ty tna obsarvatlico that alditicr of acid in the latier stames oceasiczad ne
irerease in hydrcgsr evoluiicrn. These plkeromerna ars currently rostulased o ke
Iuz 0 g rexdex variaticn of achivity of staliriesz gilesl and & randcx partial

sceiusicn of poriicns of the sitainiess surface by <he 0o pellsdz ari other stain-

less gueel pleces.

Zvireasic Studiss - Recirculaiicg Dizsclver - Io studies of alv-117s ixducsd
recireciation through UCs packad beds, the imprcbabiiity of oDt : te
liguild flows wher air is Introduced Telow *he bed was dexcreiratel. The alr dig-
riaces the I1iquid Zrom the bed witk the reewl® that all ligquid fiow ceasas whereas
the air flow encounters a-mcat nc resisiance. Furiler stuliss ars pianned on a
system employlag a simiated fuel slement cancister witkh ilz air Teing irntrcducsed
above the cannister botieom seal and irto anzuler space (1/i-izch) between the
capnistar and the dissclver wail., Iz $-iz zarcrer the air caz ha ipircducsd insc
iz ilssclver above ke tad, Dut it xray be posaizle 4o proxcte circuiation.

Materinls of Congsruction

Sarples of the second LHwelve hesais of experimental alloys were recelved from IMI.
Exgeriments to delermins thalir corrcsicn Yehavior in Buey tesdz and in Zirflizx and

o s
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Sulfex process sclutions are underway. Prelirinary data on corrosion of these
alloys in Sulfex and Riflex solutions have been received from BMI. Not enough
corrosion data have been cbtalped to warrant detmiled discussion of the effects
of composition charges ir these alloys. Some of them appear to be somrewhat
superior to the best of the first twelve heats in Niflex sclutlons.

"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 agueous
make-up tanks {ZEX, 1BX and 2DA) arecomplete. Calculations sre being made to
determine what effect different U-235 enrichments will have on the monitors!
sensitivity for the two evaporator (F-2 and P-5) applications.

Preparation of Feed Materiale for Criticality Studies

The feed materials for the first experiment to determire ko versus H/U atomic
ratio for the three percent Uz3s emriched homogeneous uraryl nitrate-water system
have been prepared and delivered. The shipment consisted of approximately 300
pounds of boron-poiscned uranyl nitrate trihydrate (H/U = 6).

The preraration procedure consisted of (1) disgolution of U03 in aitrie acid, -

(2) concentration to UO2(NO3)n. 3050, (3) solidification, {4) pre-crushing,

(5) pulverizing, (6) blendirg of boron carbide impregnated polyetkylene and

tranyl zitrate, and (7) loading irto plastic limed aluminum tanks. The first six
operavlons were successively performed in four separate batches of the fotal uranyl
aiirate to meet critically-safe specificaticrns. The average composition of the
soiutle material was 53.1 weight percent uracium, 28.2 welght percert nitrate,

aud 11.6 weight percent water.

REACTOR DEVELOPMENT - 4OCO PROGRAM

PLUTCNIUM RECYCLE PROGRAM

Procgssing,ERTR Fuels ic trhe Redox Plant

Aluminum alloy 5061 is being corsidered for fabricatior cf taskets %o transport
PRTR fual elemernts tc the Radox piart. The disscluticn behavicr of this alloy
{wkich cortairs three to four percent of non-alumirum comsiituerts) in HNO3-
Hg{NO3), was fourd to be very similar tc that of Pu-Al-Ni-Si-Fe alloys proposed
fer spike fuels - rapil irc low and slow in high ascii conceptrations. Dissolution
¢ the basket material in HNO -Eg(NO3)2 instead of NaNOy-NaOE is proposed for
toose caszes where ruptured splke fuels are present to avoid rapid atiack on
exposed core material. The similar dissclusion bebavicr of core material and
aiioy 6061 in HNO3-Hg(NO3)s indicates significant selscilve dissolution of 6061
in this reagent is ot posaible. Tke use of 25 sluminum baskets would permit
gelective disscluticn of the taskets since 25 aluminum dissolves rapidly in strong

ENO3-Eg(NO3)p sclutions.
A series of dissoluticzs cf Al-Pu-Si-Ni-Fe allicy was made to determine if the

rapld dissolution of this alloy in HNO3-Hg(NO3), sclutions at low acid (ca. 3 M)
could be moderated by the presence of uranyl nitrate. Moderation of the dissolution
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rate is desired because of hydrogen producticn. These ruas fexornstrated that

good control of dissciution rate is feasible., Dissclution times for one-haif inch .
diameter rods were increesed from cne to 24 hours as uranyl nitrate concentration
was Increased from zero tc 0.75 molar.

Similated Redcx feeds were preraraed from the dissolver scluticns prepared in these
rune. In sll cases, stable emuisicns wers fcrmed whar these were contacted with
reutral hexone., Bmuilsion formasion cculd, in general, be prevented oy addition
cf Mistron-25 (65 - 250 ppm) pricr to contacting with hexone provided the solu-
tions contained scdium dichromate and had been heated {piutorium oxidation step).
Additior of Mistron-25 to solutions not centalning dichromate had a varying and
non-reproducible effect on emulsion formatlon.

Dissolver soluticms prepared by dissolvizg Al - 2 w/o Pu - 2 w/o Ni alloy in HNO3-
Hg(NOg)e-UNE sclutions were visibly clear and free of soiids. Dissclutlon rates .
ware comparable to thcse for the Al-Pu-Ki-Si-Fe alloy used In previous studles.
Diepersion-disengsging time tests were made with these solutions (ard neutral
hexone) foliowing adjustment to Redox feed compositicn and aimuiating pluternium
oxidation. In all cases, disengaging times were comparable to those obtairned with
control solutions prepared from laberatory reagents. It was noted, Ir tkese studies;
that disengaging times were markedly influenced by the acidity cf the feed solution
wher. dZchremate was present. Increasing the feed acidity from -0.2 to 0.1 M
izcreased disengaging times from cre to thrze minutes. The Redox plant is currently
cperating without emulsior probliems using acidic dichromate-containing feeds.

Continucus Icn Excharnge Coctacter Develorment

MABIE Contsctecr - Eydrauliic stulies of the MABIE ccntachicr were cozticued In a
+wo-gtage cclumn. Various cartrilge gecmetries wers igvasiigated using 20 %o 50

~ mesh resin to optimize “lhe gitage serarater ard resin fovncomer design and dellineate
oparating characteristics. The significart resuits cf thke stulisgs L dais are
summarized below:

i. A s*age ssparstcr cczpesed of sfeve plates witkh 0.08-i-cn diame+er hcles
arni 23 parcen® free ares proviied geod perfermance.

2. A cre-inch diszeter downccmer pipe, extending arprocximately twe Irelhes
helcw *he stage zzperatcr and rearly tc the cerdsr of the colunm provided
adequate resir trarspert.

3. Gocd cperaticr was Sazcnsireted with the agquecu:z flewling sither upwardi or
dewpward in the colurr. '

4, Thre »ezip ?low rats is irisperdent c¢f bosh agitatiorn acd aguecus ficw

rate.

. A resir koli up of approximately S7 percent ¢f the conlactcr voliums

resulted ir gocd operaticn with & zini=zmum agifaicr pewer.
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Jiggler Contactor - Hydraullc tests with Permutit SKB resin (10-20 mesh) indicate
Ihat the resin recycle capacity of the one-half inch recycle line is about 100 ml/min.
The resin flow has beer shown in recent tests to be unrelated to the amplitude-
frequency product. Factors affecting the rangeability of the resis flow to meet
diffarent flowsheet conditione are now being studied. These include the height

of introduction of the air jet to the resin recycle line, the total agqueous 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{V1)/uranium(lv) ratio in uranium oxide samples by controlled potential
coulometry has been completed and the method transmiitted to the Analytical Labora-
tories Operation for routine use. The precision attalnable by this method is .
indicated by analyses of a standard U3OB sample yielding for the 0/U ratic a value
of 2.6677 *+ 0.0009. A paper describing the method is in preparation for publication.

Polarography ln Molten Salts - Many experimental problems have requlred solutica to
snable 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 sheath around the Ag/AgCl reference electrode which would
protect this half-cell ard s%1l]l maintain a suitable electrical contact with the
salt solution. A sheath of "Supremax" glass suffices irc all respectis except that
it imposes & high resistance which limits the current which can be drawn from

this electrode and distcrts the polarographic wave. This problem has been solved
ty employlang the controlled potential polarographic technique. An operational
amplifiar controls the potential between the micro electrode and the reference
electrode at the applied scan potential throughout the scar. The current required
to mairtain the necessary condition of concerntration polarizatior a% the micro
electrods is drawn largely from a third electrode so that very little currect flows
through the reference elecirode. :

With tkie set up well~fcrmed polarograms ars obtained from whick information of
thermodypamic sigrnificance can be deduced. For example, interpretation of the
poiarogranr for the Cuf(l)/Cu{C) couple yielded a measured value of 1.C8 for the
e_ectron change. ' : :

Tngufficient work has heen done with the uranyl icn as yet to permit conclusions as

to the mechanism ¢f reducticm of o™ to U0p. However, 11 was chserved that

the half-wave potertlal for *he U02$+/UOQ reduction changed when the scanrirg rate
was charged, impiying a kinetically-iimiied trocess. Also, the indicaticn is that
deposition of UQp on the micrc elecirode enlarged the area of this electrode
sufficiently that a limiting currert was not obtained. Amcrg otizer things, this
implies that UOs deposits so formed have a rather substantlal elecirical conductivity.

Disgolution Rates for Uranium Oxldes in Molten NaCl-KC1 - Coxparative dissolution
rates were measured for various ursnium oxides into NaCl-KC1l eutectic at 700 C
with a uniform chlorire sparge rate. Using one gram samples of -100, +32° mesh
powder, the amounts of uranium dissolved in 5 and 30 minute periods were measure
with the following resuiis:
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U Dissolved

"~ 5 minutes 30 mirutes .
Pot type U0z 0.79 -
U30g prepared by igniticn 0.51 -
of Pot type UO3
Speccer Arc-fused UOp 0.038 0.125
(0/U = 2.01) '
Horton Arc-fused 0.062 0.155
(0/U = 2.01)
Electrolytic UG, - . 0185

(0/U = 2,0I)

I+ is apparent that substantial improvements in dissolvizg ra%e can be obtained
by converting UOp to a higher oxide prior to initiaticg chlcrine dissolution. In
the Salt Cycle Process as presently scoped, UOp will be converted to U308 in the
course of the decladding operatlon. :

Arparently, within the range of readily attained particie sizes, dissolution rates
of the above near-stolchicmetric electrolytic UOp were relatively Insensitive to
particle size. JIo 30-minute exposures of one gram garpieg of varicus s=iave screen
sarpies the foilowing results were obtsirned.

Mesh Size E_Q Disaolved

=150, +325 0.12%
- 60, +1CO 0.121
-« 20, + 60 0.113
- 3, +2C 0.091

Solubiiities of Uranium Oxidss in Mol+er NaCl-KC1 - Appsrezt sclubilitiss of uranium

~xides in NaC.-X(01 esusectic nave neer measured at TGO C. Measured urazium(¥I) con~
certration in the sa.t after flive-hour exposures wers as fcilows:

Sclid ' 0/U Ra*io g WvI)/ke sals
T type UC3 3 66
U30g preparsd by igoiiion 2.66 12
cf Pot type U03
Electrolytic UOp 2.17 0.05
i 0.01
2.01 0.004

These results confirm earlier resul“s in skcwing & much greater solubility for the
highsr oxides. Likewise, iz nc cass could any specles cther thar uranium{VI) be
detected in the meii.
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Thus, there still remains a pcssibility that the siight solubility measured for
U02 stems from oxidation by itraces of oxygen or molsture in the system or slight
excess oxygen in the UOso.

Recrystallization of UOp - Recrystallization experiments with UOs from three sources
confirmed earlier observations. When electrolytic UQp, which forms as aggregates
of cubes, is "steeped" in NaCl-KC1-12 w/o U02Cl2 at 800 C certain faces of the
cubes dissolve more rapidly than others so that the original cubes grow continually
tbhinner in one dimension and enlarge in the plane normal to that direction. After
. four hours about half of the U0, is still in the form of aggregates, but the
original cubes have charged irvto flat plates oriented at random angles with each
other. After eight hours few aggregates remain and the flat plates have become
50 thin apd 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 U0 {near-
stoichicmetric) recrystallized in much the same fashion.

When the same process was attempted with massive chunks of UOp the cverall size
of the lumps wes not greatly altered in four hours, but two parall=l flat faces
had developed and varicus irregularities had been removed from the remaining edges.

These recrystallization processes offer intriguing possitilities for ccntrolling
the particle size distriduition ard shape of UQp powder prepared by electrolytic
reduction. However, benmeficial application will require considersbly greater
icsight into the process thar row exists. The effects of recrystallization on
chemical purity and 0/U ratic are scheduled for early study.

Statility of U0Cle in Molter NaCl-KCl - The uranium oxide produced by thermal
decomposition under vacuum of uranyl chloride ir molter NaCl-KCl at 800 C was
found to have an O/U ratio of 2.58 and the X-ray diffraction pattern corresponded
to a mixture of U0y and Uz0g. Collection of the off-gas from & run at 700 C
ipdicated the presence cf chlorine. The following conclusicns have been drawn
from thls brief study of U0zClpy in molten NaCl-KCl:

L. At 700 +o 800 C, UOoCl, decomposes by a simple deccmpositior reaction to
produce UQ; ard chlcrine.

2. Some uranium(IV) was always fourd bSut in runs of ary length tke quantity
wvas small compared to tke U2, '

3. The mechanism of formation of U30g is unkmown. U3Cg formation is greater
at 800 C than at 700 C.

UCCly Studies - When partially depletad sald cycle elsctrolytes are dissolved in
acidified aqueous solution, & small amount of uranium(iIV) is almost invariably
found. It has been conjectured that +this may arise from urarium{V) by disproport-
iconation or by the aqueous reaction of uramous oxychicride, UOClz. A sample of
UOCls was therefore prepared and some of its chemical properties were examined.

Preparaticn was by the metbod of C.A. Kraus (CC-1717) which uses the direct
reacticn of UCy with an excess UClh at 600 C, followed by vacuum removal of the
excess chloride at 450 C. The greenish yellow solid product analyzed 2i.2 per-
cent chlorine acd 7h.3 percent uranium; theoretical for UCClz is 21.8 percent
chlorine ard 73.3 percent uranium. The X-ray diffracticn pattern was well
defined, but did not correspond to the patierns for UCls3, UCly, UCxClp, UOp, 0303,
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or U03. The product was very hygroscopic and inscludls irn ciirometkars, pyridine,
ether, acetone, and phcsphoryl chiorilde. Attempted disscluticn in water resulted
in formation of U0, and a green colored (UClL?) sclutior. Dissolution in con-
centrated hydrochloric acld resulted in a sclution whose abzorption spectrum was
that only cf UCl)y; the spectrum of uraryi chleride was pot obssrved.

Absorption specira were cbtalned of the salt mulled ir peitrolatum cver the range
cf 400 to 1600 millimicrons. A broad absorpticn band wss ¢bserved tedween 930
ard 1225 miliimicrons that showed fine structure reminiscernt of the fine structure

of the uranyl peak at 420 millimicrons.

In addition, there were two smaller absorpytion peaks at S80 ard 1285 miilimicrons.
For comparison, solid UCl)y was examired under the same conditions. Axn ebsorption
Peak in the same 930 to 1225 millimicrons range was ovserved, tut it contained
none of the fine structure assoclated witk the UOCl,. Alsc, the two peaks at 58¢
and 1285 millimicrons were abseni. From the above data it 1s quite evideat that
the sample was UOClpo of rather high puriiy.

Wken UOClLo was added to molten NaCl-KCl eutectic, e green coler formed and upon
standing, UOs precipitated. The green salt so produced was powdered and ac
absorption spectrum ¢f 1t as a mull was neasured. ig spactrun ccmpared very
closely with that of UCl,-NaCl-KCi. The peaks at 580 and 1285 millimicrons
associated with the UOCl., spectrum were aktsent. It was inferred frcm this evidernce
that UOCls is unstable in molten NaCl-KC1 and reacts by double decempesition to
¥ield UO2 and UCLy. Tt is telleved that UGCly is no% an imporsant initerxediate

in the Salt Cycle Process traving, if at all, cunly *rarsitory existernce.,

Preparation of Pilot Plant Quantiiies of Elect:olxﬁic UCs = Conetvucticn of a unit
to preduce 5 to 10 pound batcies of elsctrolytic U0z daily is nearly complete.
The 2quipmert consisgts of a 13 KW Trept furnace, an cf’-gaﬂ Fystom *4+h a caustic
scrubber, and a 50 KW rectifier. The 50 mol percent Ral_-KCL xrixture has veen
melied in Z0 liter batches in a fused silica crucible. ALl *+he mci*en salt in
the crucidle has bzen transferred suscessfully at 700 C from the furrsce through
a three-fcot uninsulated quartz line by vacuum transfer intc ar idernilcal silica
crucitle. The sall was cooled grni remcved from the secceni crucirle im ore chuck
with zo damage to the crucihle. The grapbite electrodes caz te moved izto acd
out of sait bath by means of counter weighed electrical leads. Testing of the
efficlency of the cff-gas syster for chlorine abacrpticn is urierway.

Nor-Metailic Materials - Four different ceramilc ccxpousds were testsd ir a scdium-

retessium ckieoride melt {equal mol percentadges) cor*alzizg 10 wzight percent

uracyl ckloride. Tha m_lt was zaiptaired at 800 C and sufficient ciicrine gas
~waz bubbled through the xalt ¢ keep the uranium in scluilcz. Results c¢f the
Mlest are summarized bslcws '

-: adu
o : Dursticp
o Material Tested of Test Remwariks
co .
_chluxmira Crucirle A-L02 {Norsen 12 Zays No charpge; excsllert resiztance.
Cempany ) :
Magnesium Oxide Crucitle Magnifrax 13 days 10 i} attack above the melt.
0340 {Carborundum Compsxry ) _ Crucible welght decreased 2 grams.
9014 MgC, 10% Ti0, Slip Cast § days Salt percclated thru crucible.
Crucible {23k-5 Ceramics Skop) Crucibls weight decreased £ grams.
CaF2 Crudible “(Locar Fabricaticn) - Crucible crackad and broke when

wamamT ol dw ade Gk dant *n TAral attanie .
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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 A1C13-KC1 did not exceed 1.5,
This rather surprising result confirms earllier experiments with fisslon product
ruthenium from long cooled irradiated UOs.

Continued experiments have shcwn that & number of halilde mixtures form immiscible
ilguid phases in contact with molten AICl;.KCl. Some of these lmmiscible systems
are 50 m/o LiCl-35 m/o KC1-15 m/o NaCl, 63 m/o LiC1l-k0 m/o NaCl, and 40 m/o CaCly-
k0 m/o LiC1-20 mf/o NaCl. In these systems the two phases retain their identities
quite well with only a sllight amount of cross contamination.

Distribution behavior in these systems is wvery interesting. Uranium(IV) distributes
in favor of the aluminum chloride phase; whereas, trivalent uranium prefers the
alkall chlorides. Since plutonium(III) behaves like uranium{III), this system, in
priociple, can effect separation of uranium(IV) and plutonium(III}. Ruthenium-106
tracer favored the alkali chlorlde phase in distribution studies beftween NaCl-LiCl

and AlCl3-KCl. The distribution coefficients ranged from T.4 to 10.
Visitle and Ultraviolet Spectra of Uranium Chloride-Alkali Chloride Systems

Because the determinetion of species in molien salt systems canrot be satisfactorily
made by analysis of derived aqueous solutilons, the development of spectrophotometric
methods for fused salts in the visi*le and ultravioiet regions has been intensified.

Using ultra-thin (0.025 mm) quartz spectrophotometer celis, 1% has teen possible to
obtain absorption specira of both alkall chloride-uranium{III) chloride molten and
frozen salts over the range 300 to 1300 millimicrons.

Iz molten RNaCl, KC1, or CsCl, UCl3 exhibits similar absorpticn specirs with
indication of at least two complexed species, one of which is predominate in the

€CsCl system.

The same systems were ccoled in the spectrophotometer; the transiticns being
readily cbserved by abrupt changes in the trensmission. At temperatures below the
second transition (be_-eved tc be the eutectic), the abscrption spectrs of UCly im
NaCl, KCI, and CeCl were entirely different. The NaCl-UCl, system gave & spectrum
similar to that of UClzy ir petrolatum ivdicatirg segrega~ile of the sal*, Ths
otker two systems were different from the NaCl system in that the UCl, spectrum
was nct obvserved. It has been assumed thet complexing occurs ir the KC1l and CsCl
systems, and in fact, indications of thie appear in the phaeses diagram for the
system R®1l-UCl;. Microscopic examiraticn of the alkali halide-uranium halide
samples revealed that segregation occurred in the slow cooled KC1 and CsCl salts
Yut no UCly spectrum appeared. On the cther band, even very rapid quenching from
890 € of tke NaCl-UCly system falied to prevent the UCl3 spectrum.

Pressed pellets of UClL in the alkali chloride salts gave spectra at room temperature
that were all different. These systems, like those contalning UCl3, showed similar
spectra ic the mol+en state, Alsc, as in the case of UCl3, evidence for complex
ionic apecies 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 tke specizs present.
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CsC1l-RbCl Syster

The liquidus of the CsCl-RbCl system was determinced +0 see 1f thls system contained
a sufficiently low melting eutectic for use in pyrockemical siudies. Unfortunately,
no eutectic was found, the itemperature monotonically dropping from the meiving
point of RbCLl; 718 C to thkat of CaCl, 646 C. The modified Beckmar DU spactro- _
photometer turrs cut to te very usefil in detsrmrining wrez phass trazsitions cecur.
The rerroducibility of temperature is about £ 1 C.

RADIQACTIVE RESTIUE PRCCESSING DEVELOPMENT

Redlant-Heat Spray Celcinatice

Ten runs were made during +the month 3¢ determine the capacity linitations of the
gpray calciner for operation with simniated formaldehyde-kilied, high-sulfate Purex
waste. The degree of calcivatlon, as measured by welght loss _ard chemical analysis,
was cnly slightly affected by feed rates up to 11.3 gal/hr,f4=, tis limit set by
the spray nozzle and Calrod heaters., The %ap density of the powder product increased
with flow rate and also with the addition of 50 g/l of sugar. Thus, the product
dernsities ranged from adouit 0.9 to 1.4t g/ec with sugar and from 0.85 %o 1.0 g/cc
wiibout. Silnce glass-forming addltives were not used, all cf +hese dernsities are
gratifyingly high, corparsd to those obtalned in eerlier rums. Reascn for the

. increase in density with flow rate is not apparent but may weil be rslated to ik
feed/stean ratio, a polnt wkich will te explorsd further.

Posi-calciraticn keating of spray-calciner powders tc 950 C cortinued +o show that
thers is & large {30 %o 40 percect) weight loss and evoiuticrn ¢f largs srcunts of
S0z erd 303 ir the case of high-sulfate Purex waste. This weligh? lcse was found
te be substartially reduced by addition of calciur ard even mcre, “v a factor of tez,
wien 250 g/i of sugar was added %o tt2 waste pricr 4o calcination. The caleium
Presumably ferms thermally siable calciumk suirate whareas gugar promotes deccne~
roelition of mocst of the sulfate ir +he spray-calciner 1+tssif. Heating tests were
a.sc made this mozdh ¢r spray-calcizasr powders produced seme iire ago with lcw-
guifate Purex waste. There was nc weight loss, ir fack & siight gsin, cn hzating
r2se. Sulfatz corcentraticz of the high-suifate wasie wae 1.5 M as corpared ic
.25 ¥ i the low-sufate xsbterial. Toe suifaie/scdium mcls rasic in vhese two
f28l coxpositiors is protably more sigmificant in eyplairirng the iifferenze than
-3 *ths actual sulfate corcendtrssicz. Values of *kaze »atics were 1.59 ard 0.5,
respaciively, iz the hig: and low sulfate wastes, 1.e., “he Lov-suifate wasie con-
talred sufficiznt sodium to form sodium sulfate.

A series cf new ccorrcsicn ccupons were sxposzsd during the menth’s rurs a2l indicated
correeicn rates far lower itian reporiad eariisr. Typse aub staizlass stzel and

Ircenzl skowed raites of € 0.0 ard C.4 mils/zonth, respectivaly.

Trerpal Conduvetivity Studlas

A sazple of calzired simidated 1WW Ir & &0 psrcezt PR-L0 percest Sc matrix was
Frepared by drawing the molten alloy imtc the volds in a cylindrical bed of the
calcized IWW. The resuiting composite had a density of %.%4 grams/cc and a +thermal

conductivity of 2.4 Btu/(kr.-sq.f%. OF/rt.) at 150 C.
iy |
£ ASSIFIED
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Mirera’ Reactlors

Latcratory tests indicated that mine-run clirvoptilolite is somewhat more friable
thar; 1s Decalsc, a commercial alumirosilicate ion exchanger. Screened samples of
these materials were agiiataed under water for 48 hours. Clincptilolite containing
weathered surface material produced 4.9 percent fines {<0.25 mm), uaweathered
2licoptilolite produced 1.3 percent fires, and Decalsc produced <0.4 percent
filres. Vigorous washing of the clinoptilolite as the commercial material was
washed might have reduced the apparert degradation.

Breakthrough curves cbtained for cesium adsorpiiomn on 50 g, 23 cm beds of 0.84 -
1.0 nm and 1.2 - 1.4 mm grairn size ciinoptilolite were reiatively flat for flow
rates of 5 gal/fte/min. It waa found that the same effect was obtained wken the
residence time was increased by either reducing the flow rate or increasing the

slze of the bed.

- Experixents were repested to study the influence of irradistion cn the adsorption
of ceslum by c¢linoptilolite. Agaln, a significant difference was fcund between
those miperal spegimena recelving desages of up to 2 x 20 R and these receiving
£ x10¥ to 1 x 107 R. The adzorption was studisd in temperature-coantrolled
equilibrium systems. A%t 25 C no differences in the distributicn coefficients for
any ofsthe specimens were evident. Those sarples that recsived gamma doses of

2 ¥ 10° R or less gave coeffiiéenﬁs nearly 20 percert higkter at 55 C than at 25 C.
Those samples receiving  x 10¥ and 1 x 109 R 31d no* giva higher ccerfficients at
55 C than at 25 C. Thus, at 55 C the distridbution ccefficierts for tae mest
nigkly irradiated specimeng were lower than for these receiving icwer dosages.
These results tend to irdicate that the temperature effect is ir scme way assoclated
with the so0lld phase. It is possible that the higher temperaturs accentuates an -
effect that is rot large enougk *%c be discernibhle a% the lower texperature.

Ar experiment was compleied in which Purex higk-level waste wa3 pasaed thrcugh a
clircptilolite cclumn and the cesium later eluted. Cesium aralyses are not ya%
corplete but rrelimirary study of the Treak*hrcugh resuiis irdicated by moritoring
izstrurente gave a capaci®y cf about 600 columm volumes of 20:1 diluted waste

{30 column vclumes of actval wasie). Wher the column wes eiuted with 10 M KHLNC,
tearly all of %re cesiux was removed frcxm the mineral by the f£irs®: twe colum  °
voLurmas.

Tre combined itreatrent Ly activated cartern and clircptilolite removed cesilum with
a daxcntamination facter of abvout 265 a+ tkhe low flow rate and atout 190 at the
Ligh flow rate. Sircntivn was removed with a decontamination Tacter of ahcut

2C at the low fiow rame and a:cu® 12 at the high flow rate. The 7r9° -No92 isotopes
vere removed with a dscortsxmiration factor of about 2 at all ficw rates. The
cesium resulis are the reverse ¢f what normally would e expecied. Further tests
m.s%: Je zade to evaluate the accuracy azi signiflicance of tkese resulisz.

Further sxperiments wers performed ¢ study *the removal of radioruthernium by beds
cf metal powders. If the meckarism of removal is icz excharge on the oxide film
of the metal the presence cf large ccrcerirations of competing caticrs should
suppress rutkhenium uptake. To demonstrate this; I M NaBO; sciutions containing
radioruthenium were equilibrated with 1000 ppm powdered l2ad, iron, marnganese,
zinc, copper; magnesium, and aluminum. A small decrease iz ruthenium adscrpticn
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over thet observed Iin the case cof low-gali systems was evident from the powdered
lead experiment. In rescticn with the other metals testeld the results were

quite dependent on the initlsl PE of the solution. In the case of pH 11 solutions -
iron, manganese, and copper showed Ilncreased ruthenium removal in the high salt
systems., Accelerated oxidation of 1lron was eviden®t in the strong electrolyte
gystems which may explain the inecreased ruthenlum remcval. The results of these
experiments in high sait systems are not corciuaive but do not eppear typical of
conventional ion exchange reaciilcns.

Cordensate Streams

Studles on the decontaminstion of Purex Tank Farm condensate in the 27L-CR Building
Micro Pilot FPiant were continued. During Run 4 the waste was passed downflow
through a bed of activated carbon having a particle size of 0.5 to 2.4 mm, a ted
height of about 36 inches and bed diameter of 1 irch followed by a Yed of clinop-
t1lolite having a particle size of 1.1 to 1.3 mm, a bed height of about 36 inches
acd bed dismeter of 1 irch. Temperature of the system remained at 2% C arnd pH
varied from 8.3 to 10.5. The TBP concentration in the feed fluctuated from 28 to
55 mg/lite* and was removed by the activated carbor to less than ) mg/liter.

The cn_y izctopes removed significantly ty the activated carbon were those of.
trontium. At atout 0.5 gpm/cu.ft. the decortamiration factor fcr strontium was
abcut %.2. As the flow rate was ircressed tc about 2.3 gpe/cu.ft. the decon*amin-

atlce factor was reduced to sbtout 1.Z2.

BICLCGI AND MEDICINE - 5C0C PROZRAM

Qrigiz of Sch5 i» Reactor Effluert Water

Sc*D car e produced ir ihe reacteors %y a fast neutren reaction cno 446 or a slow
zzulror reagticn on SclS, In crder to letermins which mechacisz was respersibl

fer the Sc¢*° observed ip the alumirur precssg tubes, a series of samplﬂs of a tube
were taker along its length so that s wide range of ratios c¢f Egst tc slew meutron
flux vculd be represerited. These sarples wersa apalyzed for Sc L {whick is

fermed Ty fash, peutrern reacticr only) snd F20) (which is formsé T" 3 810w _Bestren
raazticn ). Sch to Fe?? ratics arz relatively ccnstact whaile Sc™° and F*ch ratics

vary markedly along Fge Sube indicatirg that a slow neutron reacticn cr Sc* *J 1is
Tke scurce of the Sc™v.

Remcval of Arsenic by Alum Flce

Iz latcratory tests of +he affactiveness of alum fices ir »ameving arseric from
river water it was otserved *xa%s 38 percert of icnic arseric is incorperated irto
the floc af pH values frox 5.7 %0 7.2 axd alum concentraticrs ¢ ULC ppm. A% pH
vaLiss ahcve and telow this rarge the effisiency drops signif‘cant;y At 10 ppm
alum cnly about 60 percent of the arsenic is »swcved, Sirce 10 prz is abeu® the
concentration now used in the process water treatment piants, an *mprovamen* in
grsezic removal ard a cozseqguin® desrease in AsT® in resctor efflusrt water may

T2 possivle. Purther small scalz stulies wilil te urndertaken upor ccmp*etlon ef
a small pro*otype water treaizern* plant rcow uzder cozstructicr.
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Sexrle Ccnesrtreticn Ty Electrodialysis

Iritial tests of eisctrpidialysis as & means of concertrating large volume water
sarples showed that about 80 percert of 8r9° from a 50 liter sample could be
Sransfarred tbrough sn icn excharge mexhrane intc a cathode chamber of 1-2 liter
capacity in 24 hours. Further ztudiles will Ye uundertaken tc esvaluate and improve
this technique for applicatiorn to environmental samples,

icw Background Carrisr for Fluicnium Precipitation

In a study of the effect of choice of carrier for the pracipitation of plu*oni
ir the diosssay procedure it was observed that use of iaptasnum resulted in a
tackgrourd of 17 tracks per week on the nuclear track film. Substitution of
Yei»tum, holmium, samarium, dysprosium, or praescdymiusr resulted in 3, 1, 91, 2,
ard 1 iracks, respectively. For low backgrcund work heimium, dysprosium or
prasgodymivm would he better thar lanthanum.

Greurd Waste Investigations

The spall 8" x A" crib experinment was completed and the soil beneath the site is
draizizg ir preparation for az additicmal fleld experirent, It is pianred to
reveat the 2° x 2' cril experiment wi‘h special measurexments of *he lateral spread
of water. Thae welis irp the vicicity ¢f the corib were agaln probed wiih *he peutron
moisture detecter. Integreticm of thke probe data indicsted a total moisture corp-
eri in the unagaturatzsd scil snove the water tatle of 837 gal. This ma, bz
corparsd with 965 gal. determfred Ir a similar fashicp esrlier In <he experiment.
These resuiiz are considered %o agrese with the niirais ien “reakihrough which
cecurred after 8CC gailons of soluticr had teer dlschargsd <¢ the crid,

Scil Chexistry ard Zecchermistry

Equilitriux exgerimensSs were performad %o g+uldy the effectz of pE and scceompanying
itz on strorciiuz adsorrticr by scil. Tha scil was pre-treated witk acid ¢ remcve
caiciwe carbcrate, tut care was “aker to avoli Jestricticm cof cigy mirerals whick

- cceurs &% higker acld comceriraticrs. Exrerizmernts were perfermedi at pE 1, 2.5, T,

9, a4 11 ard with accompanyizg tariuwr 2oz iz ecoczesrmtreticors of O, 1, 12, 100, ard
2200 fpm. It was foun? fhat the equilitriuz dAfztrinudicr ccafficigmt for gtrontium

w2z gflfecteld Ty the presence of 1 prr tarium at pE 3 whnils; at pE § azi ancve,
00 rrm o rors bariur was required 4o giva & reasuratle effszt. Ne arpreciable
5

To
adsorrticz of gtrentiux waz obiained ir any sxperimernts cordueteld &t TH L.

Barlier experiverta’ attezpis to compars the adsorriicn of Ce{iV), Ce{III}, and Pm
oy Harford gub-seil ipdicatzd <hat all three speciss kel zhout the same affini+y
cr the zoii. It is sssumed +t2et the conditioms c¢f the experimenis resulted in the
redictice of Ce(IV) tc Je{III; ic give the same equilibriur alscrpiicz ir toth
experimenis.

Exrerimezts were perforwmel in which cxidation conditions were maintained by *he

-

addivion of Na3103. Ir thegse sygtams tke sdsorptiorn cof cerium was significaptly
greatar than that of prometiium, izdfcating that Ce(IV) is *he spesciles concerned in
Tizge experiments. Urder ithe conditicrs of +these experiments 99 percent of the
ceriux was adsorted compared witk only 58 percent of the promethium. I was earlier
found +hatd Ce(III) ard Pm reac<ed ir ar essertially identical mapner in sgoll systenms.
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A calcite-Zo*e replacement reactiorn was invesilgated for ‘two reascns: To test the
theoretical conclusior that replacemert reactiona are solubility controlled, and

% test the practical value of a statistical method of data treatrent originated

br ¥Yates. The reaction effectlively removes zinc from solutions ceontaining as
2ittle as 10-3 M Zot2. Up to 0.3 M NaNO5 did rot affect tke rate of this reaction.
Other variables included cclumm flow ratés of 500 and 5C00 gal/ft2/day, caicite
surface areas of 0.014 4o 0.164 m2/g, infiuert [H of 6.0 ard 8.0, temperatures of
25 C and 60 C, and the addition of 1 mg/l lc. FHone of the varlations of the
system significantly affected the average 2rb5 decontaminatior factor of 100. X-ray
diffracticn was uged to identify the filnal product ¢f +ke reaction as ZnC03. Yates®
method was an effective means of sacertaining the relative significance of system
variables.

Geclogy and Hydrology

A suggestion previcusly made about movemen®t of ground water at Hanford was again
presented independently by Dr. Stevernson Buchan, gechydrologist of the U.K.
Geologlcal Survey during his recent visit. He suggested that ground waters might

be flowing beneath and parallel to the Cclumbia River for appreciable distances
before entering the river. This effect elsewhere is important where old river
charrnels filled with permeabls gravels lie Yelow present chaprels, btut it aiso occurs
vhere permeable beds or geologic formations lie beneath the river ted. No old
river channels In the top of the Rirgold formation beneath Hanford are now krown

to bottom lower than the bed of the present Coclumbla River. Limited irnfcrmation
indicates that the Cclumbia River is actively dowccuttirg its charrel irto the
Rirgold fcrmaticn below the chanmels earlier fermed. Underflow ir old river courses
therefore iz not likely; however, tke complete picture of %he old chanrels 1s no%
astablished. '

Jreater in poiential is the underflow through perrsakble beds cf tke Ringold forma-
Tico. Scome beds of that rexrt of the fermaticn lying below tke Columbia River have
an extent and permeabiiity great ecough to rerm’t scms underflow up to Walluls Gap,
vwhere +the Ringoid fermation erds againzt basalt. Scme of these same Rirgold beds
aisc may be transmitting wasie waters to depths in the Separaticms aress vicircity.
Scme wasts waters thus may e escaping Zeteciicn ir thils ccxplex ficw path but the
relavively lLow permeatilily and high exchange 2apacity of itks corcernsd tsls prok-
atly rrevents the creaticn of urdesirable gituations. Transmittal cof ground ard
waste waters through permeabdie herizonms in +the besals series ul%tizately inte +h
Columbia River is aiso a potential rot yes resclved., Wells o “e drillsd on Project
CAZ-885, now teginning, wilil better detarmine the structure in the Rirgcid forwaticn,
the coxtipaity of the ccncerced Yeds, treir perveatili+y acd regioral patierns of
variatlicns that will tetier dsfizs +his preblem. '

Gecloglic saxplas obtalrad Aurirg the cersiructics of & wall Ty & drivs-Tarrsl
“schrique were oxamired 1z +the lakoratcery. Physical and chemical charscteristics

of *he samples were compared with those of samples obtained by corventicmai churn
drilling In adjacent weils. In this evaluatiorn the effect of churz drilling was
evider®t frcm the larger fractior of fire materis) presers ir these semples. There
vas no significant difference in the cation exchange capacity of the sarples,
bowever. The Swo seis of samplz2s were very similar witk regard *¢ calcium carbdorate
contzrt apd pH, =ven though drilling water was used during ccastructicn of the wells
by churn drilling and was omitted in the drive Darrel process. is gtudy indicates
that aiteration of geologic specimens by drillirg would be mcst evident in the

determiration cf permeability or other physical properties. @;Eﬂ %$§§$§E§
T o g :_,i"iut ‘!I 1
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A coxputer program for evaluating translent unsaturated flow in a heterogeneous

medium was successfully completed and tested. Tests indicated rapld convergence
AP dha dvamaddan mwiAacs MTha matrematinal mndel is for drainage of a column of
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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 condult diameter range from 0.54 to 2.64 em, 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 Qerived takes into accournt the velocity

gradient across the circular duct.
thager n i

Chemical Research & Development
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UNCLASSIFIED D-1 : HW-65459
BICLOGY OPERATION

A. ORGANTZATION AND PERSONNEL

No significant changes in organization or personnel occurred during May.

‘B, TEMHNICAL ACTIVITIES

FISSIONABLE MATTRTALS - 2000 PROGRAM
' BIOLOGICAL MONITORING

Radioiodine Contamination

Concentrations of I3 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 ' aximam Factor
b mi SW Redox 3x 10""' lx lO'Bh -
Wahluke Slope 2 x 20~l 4 x 10" -2
Prosser Barricade 2 x 10'1‘ 3 x 10"4 -

Colwnb'ia' River Contamination

Concentrations of gross beta emitters in Columbia River organisms ccllected
at Hanford were about the same as those cbserved one year age. Vdlues follow:

pc/g Wet Weight Trend

Location Organ:‘r.sms Average Max imuam Factor
Janford Minnows (entire) 2 x 1073 3 x 103 -
danford Juvenile Chinook 2 x 1073 3 x 10™3 -

Salron (entire)}

Fzllout Contamination

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

Total Beta Trend
Sample Type . Avz. pe/g Wet Material Factor
Feces 3x 10'2 +3
Bone . 9 x ZLO:&l -2
Liver 7T x10 -
Muscle | 5 x 1076 -
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 RADICACTIVE MATERIALS

Phosmorua

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

Hone of the yearling trout which have received sr?0-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 uc/g of fish five days a week for thirteen weeks.
The fish in al]l lots have arproximately doubled their weight aurmg the
course of the experiment.

A surgical technique for providing agastric fistula in trout is being
perfected for fMuture 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 5;.10 of 3rd? per gram of
cormmeal. Upon the bases of this preliminary experiment, an experiment was

initiated to compare the prod:uctivigg 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 sr90
daily for cver cne year ccontimues to be generally indistinguishable from the

control animals. There is, however, a suggestion of a lowered neutrophil
count in the adult animals fed 25 puc per day and in their four-month-old.
offspring. {An X-ray reading protocol for assessment of damage was
established.. All X-rays taken to date of the Sr70 toxieity and comparative
toxicity animals involving about 750 X-ray plates were re-read and evaluated
accoraing 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 previcusly observed and in this case ocourred only when calcium in the
nutrient solution was extremely low (0.05 mM). Thus, in the synthesis of
chlorophyll, strontium can partially replace calcium,

UNCLASSIFIED
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Iodine

Preliminary observations on the first group of lambs given in vivo or in vitro
I-31 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
diserimination factor was in opposite directions in roots as compared with
other plant parts, suggesting that roots are withholding one or the cther
ions from transport to the rest of the plant.

The effect of soll moisture on uptake of 03137 and X by bean plants was
studied under conditions of heavy fertilization (including K and Csi 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 mere moist soils. There was little change in uptake of K with different
s0il 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 Pu2-7 supplied as citrate. Longevity
was not affected except among those which fed upon the highest concentrations,
containing 0.1 uc of Pu239 per ml of medium. Plutonium was found in eggs of
females which had fed upon the spiked focd. Egg procduction and viability

‘was reduced.

Ta.ttooﬁng, injection procedures, and monitoring techniques are undergoing
final checking prior to inltiating the main study on the effects of
intradermal plutonium in pig skin.

Radicactive Particles

Ixomination 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 isclation facilities to control
parasite re-infestation. The older runs will have to be either substantizlly
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 I131 labeled polyvinyl-
pyrrolidone (FVP) given intravencusly and excreted via the gastrointestinal
tract is excreted intc the intestine by the way of the bile duct. Thais

amount does not appear to be increased by exposure of the gastrointestinal tract
to racdiation and results are not yet completed which should shew if bile flow
indirectly affects FVP 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 cbvious 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 HpQOp
f>llowing irradiation as compared to non-irradiated cells.

Eﬁgerimenps 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, apparently, a
diffﬁgent affect of mercury binding on the permeability of P32 g3 compared
to K5e,

4

BIOLOGY OPERATION

1A Kornberg:es
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Ce

Lectures -

a. papers Presented at Meetings -
H. E. Erdman, "X-rays and the Weakest Link in Habrobracon Ontogeny,"

R.

F.

Ju

Ce

Radiation Research Society Meeting, May 11, 1960, San_ Francisco, Calif.

A, dennacy, “Preii:ninary observations on the pharmacodynamics and
biological effects of inhaled plutonium oxide in dogs," Kaclation Research
Society Meeting, Mey 11, 1960, “an Francisco, Calif.

F. Hungate, "Raciation sensitivity studies on respiration deficient yeast,™
(ey R. T. O'Brien}, Raciation Research Society Meeting, May 11, 1940,
San Francisco, Cdlif.

F. Sullivan, "Plasma protein loss after X-irradiation or nitrogen
administration," Radiation Rusearch Society Meeting, May 11, 1940,
San Francisco, California.

E. Ballou, "Effect of combined plutonium and X-irradiation in the rat,"
Raciation Research Society Meeting, May 11, 19680, San francisco; Calif.

A, George, "Distribution pattern and effects of intradermally injected
plutonium," Radiation Research Society Meeting, May 11, 1960, Sen Francisco.

Qff-5ite Semirars

7. A. Kornberg, "The Biology Program at Hanford Atomic Producis Operation,"
Seminar on Implications of the Life Sciences to General Zlectric,
May L, 1960, Santa Barbara, California. '

W. C. Hanson, "Project Chariot Ecological Studies," lay 12, 1960,
Civil Zngineering Society group, Kennewlick, iash.,

Seminars (3iclogy)

W, C. Hanscn, "Environmenial Stuaies at Froject Cuariot,” Ly 45 1560.

J. Z. Ballou, "Comoined Zffects of Flutonium and X-irradiation,® May L, 1540.
R. L. Unler, "Free Space and Ion uptake," Kay 18, 19€0.

E. iI. Schiffman, "A profusion stuay of the mevement of strontiun
across the gills of rainbow trout,' gy 18, 1%2C.

Seminars {lscal)

None

Publiecations

e

b,

dW Publications
Hone
Open Literaturs

FToster, R.F., "Radicactive Tracing of the liovement of an_Essential Element
through an Aquatic Community with Specific Reference to Raaloghosphorus,™
Pubblicazioni della Stazione Zoologica Gi Xapoli, Volume 31, 3uppl. pp. 34-69.
Pubblicato il 15-XII-1959, UiCLASSIFIED




E-1 BW-65459

OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT - MAY, 1960

ORGANTZATION AND PERSONNEL

There were no changes iz persounnel during the mcnth of May.

OPERATIONS ANALYSIS STUDIES

Quality Certification Program

There was nc activity in this aree Quring May.other than consultation in connec-
tion with IBM processing of test data.

Fuel Element Failures

Two appendices were written to be ipncorporated in a document covering the use

of control ckharts in analyzing rupture data being prepared by Process Technology
personmnel. One presented the thecretical basis behind the use of suck charts,
and the other discussed decision rules 1o be used in analyzing rupture data.

Comments were submitted to Process Techneclogy personnel relative to the disposi-
tion of the remsining fuel elements canned in C-64 aluminum components. -

Two raports were writien presenting sequential plans for comparing rupture per-
formance of two tyres of fuel elements. The first report covered the situation
in vwhich reactor conditions were identical for the two metal *ypes, and the
Shrougkput ratic was czrmstant. Operating characterisiic and average sample
nuzbar curves were computed for several cases of interest. In the cother approeck,
provisions wers made for adjusting observed rupturz experiernce tased cn a var-
iacle *thrcoughput ratis and possibly different resctor conditions. The statistic
used in this case is the ratio of times between rupture aijusied for operating
conditicns. '

pticization of Remcicr Cperations

Prelicinary work waes done in conzection with evalusting the feasibility of pur-
posely skutiting down a given r=sctcr when all cihers ars operating suck that
czarge-discharge and mainterance work can be acccmplished without competizz for
manpower from other reacsors.

Z-Piant Information Study

Work is silll Teing helid in sbeyance until officziel bid spproval is reseived
from the AES. Thls 1s expested during the first part of Junsz.

Radiaticn Prozention

tatigtical corsuliaticn was proviied in connection with tie intersite kealth
film badge calitration study. Preliminary data were analyzed and tentstive
inferences drswn. An anelysis was wade con data from a recent il fading stuly
t0 compars the charasteristics cf Eastman and DuPont £ilm with regpect o
fading as & functior of time. The results of the analyais were Lnterpreted for
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Reliigbility Studles e e

Consultaticn was held with a member of the Physice ané Instrument Research an
Davelopment Jperation for the purpose of giving maethematical and protabllisiic
expressions for reliability of & contrcl system. :

Work begar on the eveluation and comparieon of the reilabiliftles of existing
and propossd panellit systems for the NPR.

Work zoptinued on the siatisticel evaluation of a proposed NPR CM tuba type
fuel rupture monitor and oz the reliabllity and equipment failure study of the
KW reaciox..

The results of a study made %o determine the number of coolant pressure gauges
which can be bypassed and tripped simultaneously without invalidaling sny normal
screm sigral have been documented in EW-65435. A similer investigation is now
in pregress 4o answer ithe same questions for a proposed medification of *he
safely cirsulis.

Orerating characteristiss were determined for several plans proposed 1o <ast the
relisbility of tke functioning of the boron ball hoppers.

aventory Studies

-
was reviaweld. Results of the inven=ory were used %o estimsie tha ¢ ovent or

_ ¥
surpLusd or defiecit, This reprezenied the first spplicaticn 2F s iing “aaknlsues
: _ P 2
<2 estimate igvestories at ZAPD.

Thz method of sampling used In +he spare parts and stanedby inventcries cn May 27
2 tot

'
oF

Redox Disgolver Study

Study of whe literature 4Cc obtain daskground information om the reduciion of

altric acid in metal systems coriinued. This hag resulted in the formae*tlcn of a
mechanism £for the dissolution of uraniua in nitric acid which appears guite realis-
tic. Based or this mechenism, 2 mathematizal model can bs formuliated. Eowever,
there appears 4o be littlie pope of tesiing the model with the XL crmputsr program
gince operating data are ndt =railable for certaln ariticsl wvarisklss.

An alternative mecdel tased upon semi-swpirical nonsideraticns s mesr conpletion.
This model will e tested by the GCL computer progrem with currently available
redcX cperating data. However, in light of the information now availshle as a
result of the abcve meryisned literaturs study, there is 1little hope of chialn-
ing 2 geod fit o ke operating dats with this model.

STATISTICAL AND MATTEMATICAL ACTIVITIES FOR OTHER ZAPC COMPONENTS

Fuels Prepsratisn Depariment

Analyses of fwo sets of studéd pulling data were completed. Stud pulling is a
test used %o measure the bond sirength of a fuel element. One set of ihese data
rertainef o regular production fuel elemenis. The fuel elemerts in the otaer
g2t were cazzned ir the piiot plant under varying duplex baih condi<tions. Tke
fact what the siud pulling test detected known effects of these duplex variables
on tond strength gave promise of its usablility as a routine measurement tool.

A 23t vwas designed with the primary purpose of examining she effects on tond
strength of duplex bath cyvecle times. Other variablesg of interest will alsc De
c¢onsidered in this test.

Lo s
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Assistance was provided in the design of a test to evaluate the effects on
component wettabllity of vibretor 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 1its
effect on the qualiiy of the apire 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 alsc posaible to inovestlgeate the correlstion between such indices and the

actual dimensional changes.

Assistance wes given in connection with the design of & production test to
evaluate the UT-2 attenuation tester with respect to its ability to predict
post-irradiaticn dimensional distortion.

Irradistion Processing Department

Several discussions were held with personnel interested in the resul*ts of the
production test comcerned with sort meagurements (sonic crientation resonance
tester}. The data from this test are currently being processed.

An eveluation was made of coal sampling procedures, including the choice of
cars to be sampied, the system of sampling from the conveyer belilts, 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 a corrosion
model for I and E fuel elements.

Methematical assistance is being given on & problem of fuel design. Specifi-
cally, the problem invelves determining the optimum positioning of fuel
element supports so as to allow maximum warp within & process tube without
interference. Baged on limited knowledge of the warp characteristics of fuel
elements, several mathemetical models have been proposed and are presently
urder investigation.

Chezical Processing Department

Further vwork was dene in comnection with establishing par+ Ly part azceprtance
eriterla for tke final product. Two-sided tests are currently being developed.

Consideratior was giver the problem of determining the size ¢f an in-line
storage facility required for a proposed continuous slag and cruciltle
2issoliver. If the required size is rot toc large, such a facility would
eliminate the necessity of removing meterial from line to vault storage except

in vnusual ceses.

Analytical expressions which can be used to compute the flux resulting from
specific Irregularly-shaped geometric sources are being developed. Except
for spscial cases which are charscterized ty thelr symmetry of location,
general answers must awelt the tabulation of several new transcendents.

#2460 S nmussm
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Two reports were written in conrection with the Electronic Data Processing
Operation study. One dealt with the FORTRAN-Monitor custcmer service eval-
uation, and the other was concerned witk scheduling routine 709 applications,
specifically, how much cushion should be aescclated with given applications
or series of appilcations such that work could be completed on schedule with
reascrable. probabiiity. o

Contract and Accounting Operation

Construction Engineering & Utilities

Curreat dats on falr ccst estimates for BAPO projects were reviewed. Ccm-
pariscns are being made of actuel median and low bids with falr cost
estirates and predicted low bids,

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO

Ay

Sy

2000 Progran

Reactor XKinetics

Sclutions to the reactor kinetic differential equstion under varicus
assumpilcns oz three parameters izvolved were obtained hy analog methods.
In particular zases tzey exhibited charaecteristics ineompati-ie witk that
rredicted by thsory for differential equations which possesgs pericdic
coefficlen’s. As a check, 1t was decided to ob%ain The same soiutions
by numerizal methods or digital egquipment. Several trial solutions were
band 20zputed tC galn insight on methodelogy, convergencse retes, and =rro
comirci. An IBM-TS9 ccmpuier program has been oriered from SRARE which
should be easily modified to the study of the present prchlem.

Separaticns Devsalcopment

A rough drali summary of resulits from the analysis <f ap exgeriment o
determine the reductica of sensiitivity ariging froxr insgtalljing a raliation
seal Datwesn the pan and beam of a sam baisnce was izaved. Ths final
¢raft of the repcr’ awaits the gompletion of ap exhsugtive galitration
preogram for the bean belance and the analysis of resulting data.

Tiel Elexent Meesursment Program

Discussions have Teen held with interesied personnel concerning znalysis
of 3irip chart data from a zontinusua fuel element measuriag devize to he
used <o explicitly deacribe the extericr gecmetry 2f XPR proiotyre fuel
alzzen®ts prior o thelr irrsdlstion. Earzonic analysia t=chaniguss have
teen sugzested for summarizing the strip chart daeta. Statistical analysisz
aacusl provilde detailed desceripiion of ke extarior gscmetry of the fuel
eilement fneluding 2iamater as 2 function of axial position measured frar
cne 2nl of th2 slement; ovalidity, a measure of the moncircularity of a
2r233 s@2tlar as 2 fuactisn of axial position; *the distortion in the cen-
tra” axis; and the emcothness of +the exterior surface. Thease statistical
techiaigies arz being reduced to computer operaticos.

126950b - q
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* Several a atiscical analyees were performed on pre-irradiastion and post-
irrediation diameter and length measurements of .clustered fuel elements.
These analyses ilnvestigated the variaticn of diameter measuremenis at
different positions and crientatiosns on the fusl element surface and cal-
culated preclsion stetements for the sgtimates of the change in vaiume due
to irradiation.

Pulse Column Test Facilities Study

The evaluation of the precision and accuracy of 2 device for electrically
sizing “he crganic phase without intérrupiion of the column operstion is
currently being considered. Appropriate mathemetical formulas for estimai-
ing the surface to volume ratio cof the organic phase have been developed,
and thelr preclsionsuusing: sampleidate’ arecbeing. estimated.

40CO Program
Plutonium Recycle

Btatistical evaluation was completed of the estimated precision of the pre-
posed heavy weter volume caiibration program prior +o PRTR start-up.
Recommendaticns were made concerning improvement in +the precision as a
funciion of the instrumentaiion and the number of repeat calibrations.

Discussions were contimued in connectisn with the use of statistical mwethods

for getd rm‘ningthe!mmimumch a function defiped over a wulti-diimensionel
spa-u. The program will be used with HLO's Meleager pbysizs czde 15 optizize
prutonium reactor fuel ag a fanctiosn of initial pluicnium fsosopilc
somposition.

Swe_linz Studles’

Arnalyele was corplesed on the preciszion of uranium dsnszi+y determizations
Tor differert mesis ard sample sgises.

Applic aticn of the gensralizeld <hecreiizal model “o the z<udy >f minrcgrarhs
of plastic Talla in s scotchcast“ medivm is- being zensinuad.

Wagte Dispoaal

Work was Togua or & preblex involving the numerical solution of a pexiial
2ifferential equaticn asscciated wisth f£luid flow sbrough prcrous medls

£00C Progras

tmogpheris Diffusiosn Studies

tati tiszal sonsuiiation ccotinued in conzection with the calibration of
zinc suillle particle delzctors to Pe used to analyze the sample fillters
ased in last summer's diffusion and depcsition study.

3iolegy and Medicine

Work ccatinued on statistlical analysis of dsta from an experiment involving
a8 chailenge dose of “ad*a lon applied to pre-irradiated, and rnorpre-irraliaiel

mice.
Py
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Work continued on a statisticel method Zor cemshruzting Jolint confidence
region estimetes for *he pesk heights of multipls peas gamma Snergy spec<ra.
Data from seversl apectra of 4ws moncenergetlic isotcpes are heing used %o
sheck the eatimation method. The ischnigue will te of lmmediate vaiue o

those responeible f£or the initiation cf the study. A gsneralizatlion of this

method stould be of value to gsmms analyser users throughout the lakoratery.

g

or CaX « Bennett, Mazager
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PROGRAMMING OPERATION
MAY 1960

A. REACTOR DEVELOPMENT - 4000 PROGRAM

1. PLUTONIUM RECYCLE REACTCR

Cycle Analysis

Computer Code Development. The method of handling the decay of Pu-241
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-24l 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 X, md is constant for all exposures.
The non-decay cases (method a.) differ significantly from the others
by & factor which is proportional to exposure with a mismateh 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 & single isotope,

b. Change in the concentration of two or more isotopes at fixed
concentration ratios to each other, or

¢. 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 LCLA optimization code has been successfully
programmed. A set of sixteen data points as input gave answers (Yates,
first-order anslysis) which checked hand calculations.

The.entire RBU input code has been coded armd 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 {GFR) and Meleager burn-up codes will then have similar logic
but the GFR code is still limited to U-235 enriched once-through or
self-sustaining plutonium recycle operation.

PRTR Stertup

A pian was developed for combining ATP's {Acceptance Test Procedures),
Design Tests, and Critical Tests to achlieve FRTR criticality at the
earliest practical date. Reguirements for testing the primary system
with light water prior to charging Do0 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 irradiations of
selected HAPO fuel specimens using the MIR - Reactivity Measuring Facil-
ity was studied and appears to be promising.

Several properties of matter which exhibit isotcpe effects were studied
with intent to identify any isotcope separation methods which might be
especially applicable to plutonium isotopes; a low cost methed to
eliminate Pu-242 from mixtures of plutconium 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 neutrcons 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 exsmined. FPhoto- and other radiative excitation methods
to promote chemical reaction in specific isctopes were examined briefly
without success. .

IZFQbI[W UNCLASSIFTED
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The first low exposure plutonium bearing fuel rods to be irradiasted
in the Savanpsh River reactors for the production of high exposure
plutonium for Plutonium Recycle Program use were charged on May 16.
The availability of a few kilograms of desirable Canadian material
for our use has been confirmed. The early recovery of such materials
would be very beneficlal 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 am yet reduce foaming
tendencies of nitric acid solutions of Pu-Al slloys containing substan-
tial silicen.

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 depleted uwranium
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 new cases.

Considerable effort was expended in attempting to determine the effect on
exposure of the individual plutonium isotopes in the Advanced Pressurizaed
Water Reactor plutonium fuel ¢ycle study. Although the study is not yet
completed, the following trends appear consistent for the conditions
studied.

a. The addition of eilther Pu-239 or Pu-24l results in about the
same increase in exposure based on a reactivity limitation.
The addition of either appears to have slightly greater effect
at lower totval enrichment.

b. Pu-2L0 appears to have little, if any, effect on the attainabl
MWD/T in this reactor based on a reactlvity limit. It should be
noted that this conclusicon may change if one couples in such
effects as shanges in reactivity or heat generations over the
course of the cycle. '

¢. 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-23% or Pu-2il.
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Successful development of this data will greatly simplify obtaining convergence
of the associated econcmic analysls.

Programing of the Fuel Value Eccnomics Code continued during the month and,
except for small, graded discharge portions, it is close to the final debug
stage. Preliminary debugging of the Fabricating and Jacketing sub-code hsas
already been made.

The month's activities included (1) presentation to J. M. Vallance, Washington,
AEC-IRD, on the code's genexral 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 loglc resulting from Use
Charge and Nuclear Material Depletion payment information obtained 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, s commmnications 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 £it preparation. This, the first link
of the monitorized Fortran code, has been mrtially debugged and
1s being used. The link is compietely general and is not tied to
any particulsr experimental medium. .

(2) The Meleager A compatibllity packages. These two sub-routines
link Meleager to the LOLA code, one at the front of the Meleager
and one %o extract and transmit information 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-order surface fit is herein constructed.

(4) The Path of Steepest Ascent. The informetion of the Yates
Apnalysis is used tc calculate the current "Best Path to an
Optimum", It also contains several errcr subroutines.

The second order fit ard analysis plus error sub-reutines are not yet
coded.,

The preliminary report on LOLA is 60 per cent complete in rough drafs
form. -
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B. BIOLOGY AND MEDICINE - 6000 PROGRAM
1. RADIQLOGICAL CONSULTATION
A presentation wag 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 metabeolism of internal emitters, medical services in
nuclear plants, envirommental monitoring, and site selection. Proposed
materiel 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 artificisl gravitational fields on heat transfer
coefficients in bolling systenms.
Final arrangements were made for a University of Washington graduate student
to perform his thesis research at the Hanford laboratories.
Assistance was rendered in arranging 14 tours (involving 493 people) through
HLO and HAPO facilities.

M
Manager
PROGRAMMING
LH McEwen:d1l
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RADIATION PROTECTION OPERATION
MONTHLY REPORT -- MAY 1960

A. ORGANIZATION AND FERSONNEL

Three exempt employees were reassigned within Radiation Protection Operstion to
provide broadened experience. These reassigmments, effective May 1, 1960, were

R. W. Meiginger from Mapager, Calibrations to Specialist, Radiologlcal Defense;

V. M. Milligan from Specialist, Radiation Monitoring to Mensger, Calibrations; and
B. G. Lindberg from Specizlist, Radlological Defense to Specialist, Radiation
Mcn*toring.

J. D. Forsythe transferred from Exposure Ewaluation and Racords to CFD on May 2,
1960. Emily H. Szymanski was reactivated and D. L. Silver was added to the rolls
of the EE & RO on May 2, 1960. T. E., Ludlow was reactivated from military leave

" on May 31, 1960. D. W. Constable, Technical Craduate, ended his three-month
rotatisn in RPO on May 31, 1960.

B. ACTIVITIES

There were twc cases of plutonium depositiorn confirmed during May. The total
oumber of deposition cases that have occurred at HAPO is 256 of which 187 are
currently employed. One of the confirmed deposition cases was discovered by the
routine sampling program; the other was detected following a known exposure
ineident resulting from e fire and the spread of plutonium air contaminatlon.
Both depesiticn cases appear to involve less than 10 per cent of the meximum
permiesible body burden. There were 44 radiation incidents repcrted to EE & RO
during May. ©None of these resulted in exposures exceeding opera%ional controls.
Nine requests for exposure summaries on former BAPO employees were received and
cempleted.

A total of 103 persons were counted at the Whole Body Counter. During 1960, 513
persons have been counted at the WBC. Studies to fetermine accumilation of radio-
activity in the hair are now in progress. Preliminary resulte lndizate that
shampooing before a whole body count mey actualiy incresse the radloasctiviity

in the hair. This is largely attributed to the radiocactivity found in the

water, .

Attempts to detect uranium in a person hevi a high and zoncstant bloasssy
count were not successful., Four cases of Na oceurrencze in the boly were dis-
covered through the routine counting program. Iavestigetions reveal “that these
employees had been working in the reactor rear fage sress shorily aZter shut-
dowr:.

A meximum dose rete of 20 reés/hr and & hand dose reie of 4 rads/hr were observed
during the spiking of feed capsules with Sr70 for trout sxperiments. Leakage

from a %tank containing 150 liters of 8 gms/ iter plutonium-nitrate solution

caused equipment contarination to 80,000 d/m and hand contamiznation to 30,000

é/m on ome employee at “he Physical Constants Test Peagtor., Air samples collected
a% the work location and nasel smears from the emrlcyee involved were below
detection limits. Proampt decontamination actlon was successful. TFloor ccontamina-
tion to 100,000 d¢/m in Rooms 208 and 210 of the 308 Buildirg 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 irradiated slug was iIn the bucket.
The radiation alarm system was not working at the time. Film badge results
for the employee directly lnvolved indicated doses between 200-300 mr.

Personnel from RPO components participated in the 1960 Operational Alert Exercise
held om May 3, 4, and 5. The exercise for Hanford was corducted at the Mcobile
Emergency Relocation Center. A more realistic practice was conducted this

year through the use of fragmentary information obtained intermittently throughout
the exercise period from the normal communicatiocn channels. The-events directly
affecting the Hanford operations were: a two megaton burst 10 miles NIW of
Richland causing fallout levels in the separations and reactor arsas 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 bamb burst at Spokane destroyed tele-
phone and teletype trunk lines, thereby isolating HAPO from comminication with

other parts of the nation.

A gset of working limits was establisbed for the discharge of the liquid radic-
active waste to the river from the FRTR installation. Mandatory shutdown of the
reactor was recummended at 5 x lO‘A uc”B/cc of water at the point of measurement.
Further recommendations include improvement of steam monitoring equipment by-
passing the shielded coclant water and a review of the analytical program.

A number of ionization-type finger ring dosimeters were readiled for limited
field test. Energy depencency studies showed that for epergizs below 300 Kev
correction factors will have to be applled to attain good dose estimates. The
gamme ray spectrum from plutonium has been arbitrarily diviZed inteo four energy
groupe and the finger ring response has been determined for esch of these erergy
groups. These calculations have been corrected for the energy spectrum dis-
tortion resulting from the shielding properties of hood gloves composed of neo-
prene and with zinc cr lead coatings. Studies of the shielding properties of
these materials at the gsmma ray energiez of in%tereat have been zompleted and
the necessary information has been incorpecrated into the calibration curves
that are required to interpret ionizatlion-type finger ring results.

Hanford Drawing SK-3-9484 entitled, "Personnel Dosimeter Model III" was carpleted
by Drafting. The basic sharacteristics of this badge dosimeter were menticned

in the April report. The actual selection- of the absorbers or shields +to0 te

uged in this zew dcsimeter was investigated btoth theoretizally and experimentally.
No ideal combination of absorbers has yet been found which will exhibit character-
istics required for precise discrimination of low-energy gamma radiation and beta
rediation. Experiments are contiouing in this phase of the icsimeter fevelop-
ment program and elthough 28 soluticn i this diserimination problem has not been
found, enccuraging results have been cbserved.

Firal billing for the Oak Ridge Criticality Dosimeters (Hurs+t Dosimeters) was
$70,402.50. The initial quosed cost for the $0 devices.purchased for Aanford
use was $39,150. The uge ¢f & moreeconomically practical system similar tc the
Savannah River eriticality neutron detection devices is being studied and

evaluated.,
UNCILASSIFIED
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The Tolumbia River Monitoring Station has operated throughout the month on a
test basis. The alarm system has been redesigned and in its present form will
esgentially duplicate fail-safe filre alarm systems. :

The Specialist, Rediation Protection, attended the two weeks of public hearings

on Radiation Protection Standards - Their Basls and Use, held in Washington, D. €.
by the Joint Committee on Atomic Energy. Scme of the material for the HAPO -
participaticn at the hearings was prepared. Conaulting service wes proviied
Janford partieipants. :

C. EMPLOYEE RELATTONS

Three suggestions were received this month. A total of six suggestions were
evaluated during the month. There were no outstanding suggestions at the end
of the month. Ko awards were received by RPO personnel.

There were two medical treatment injur es during the month for a Irequency of
0.92. No security violations cccurred during May.

Radiation protection training included: one information meeting on 2¢ntarinsiion
control and Controlled Injury Zome procedures to 308 Eullding crafismen, one
indoctrination lecture to new employees, one lecture on FRIR operation to RPO
personnel; and a report to the RPO exempt Ifcrce om the events of Operational
Alert 1960. '

L. G. Faust and L. C. Rouse gttendad the Emergency Rallati fom Mcnitcring Team
Training Exercise at the Nevada Test Site for cne week.

D. SIGNIFICANT REPORTS

aIW-3415h "Analysis of Raiiclogical Date for the Moamth of April, 1960" by
Rn wad W 'Juzlkins. -

qW-65441 "Monthly Report - May 1960, Radiation Monitoring Operation” by
A. J. Stevens.

HW-42375 "Radioactive Contaminstion in Liquid Waste Discharge? +o Sround st
the Separations Facilities Through Tecember, 1959" ty M. W. MzConiga.

HW-65343 ''Backscatter Effects fluenciﬂg Calibration of EF, Tutes” by
®, H. Sanders. :
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-April 1960 - Mid-May 1960)

Sample Type and Location

Drinking Water

100-F Area
Separations Areas
Pasco

Kennewick
Richland

Columbis River Water

Above 100-B Area
100-F Area

Banford

Pasco

McNary Dem

Vancouver, Washington

Atmosphere

1131 Separations Areas
1131 Separations Stacks
Active Particles - Project
Active Particles - Environs

Activity

LYRe

Monthly
Average

Isotople

gross Beta
Isotopic <
Isctopic <
Gross Beta <

Gross Beta T
Isotopic 2a
Isotoplc 3
Isotopic 16
@ross Beta '
Isctopic .

7131 1.3
7131 0.6
— 0.k

0.2

Vegetation {Control limit for vegetation is 10'5-pc 1131/3)

Separations Areas

Residential

Eastern Washington and
Oregon

Fission Products less
1131 - yash. and Ore.

#The % MPC

131 -6
I 1.5 x 10
7131 <1.5 x 106
713+ <1.5 x 1079
Gamma,

Emitters < 1.0 x 1077

Units

uc/ec

Comtined curies,
ptle/100 m3
ptle/100 m3

p.cf Zo
e/

ne/gm

uc/gm

is the pefcent of the meximum permissible limit for occupaﬁional

exposure %o the gastrointestinal tract calculated from drinking +wmter limits

eontained in NBS Handbook 69.

*#The % MPCgy 1s the percent of the maximum permissible concentrations Zor
persons in the neighborhcod of controlled areas for cortinusus =iposure o

the gastrointestinal tract calculated from dr

in NBS Handbook 69,

*¥#%This location 1s now sampled quarterly.

12406 |1

inking water limits contalineqd

The most recent result is tabled.
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EXPOSURE EVALUATION AND RECORDS

Exposure Incldents aboye Pemissible Limits

. Whole Body — Localized
May ’ 0 0
1960 to Date 1 3
Gamma Pencils : _
Pencils Pgired Reedlngs Paired Readings Lest
Processed _100-280 mr Over 280 mr Readings
May 715,248 152 _ 1 o}
19€0 to Date 89,288 1,120 17 7
Beta-Gamma Film Badges _
Badges Readings Readings Readings Lost Average Zose
Processed 100-300 mrads 300-5 s Over 500 mrads Readings Per Film Packet
mrad(ow) b(s
May 1,086 752 56 29 82 7-57  13.5¢
1960 to
Tate 58,613 4,607 885 220 212 10.61 18,7¢
Neutron Fllm Badges
Film Readirgs Readings Readings . Lost
Procegsed 50-100 mrem 100-300 mrem Over 300 mrem Readings
Siow Neutron :
May 1,287 -0 0 0 S
1960 tc Date 5,561 1 0 0 25
Fagt Neutroo
May _ 10k 1k 0 o 0 9
196¢ to Date ks T1 25 0 20
Bioasza ' ' Mey 1960 to Tate
Plutonium: Samples Assayed 8 ' T32 2,610
Results above 2.2 x 107 c/sample 21 198
F23sion Prolusts: Semples Assayed ' 728 2,504
Results above 3.1 x 1077 uc FP/sample 0 2
Urarium: Sanples Assayed Jud 1,569
Somfiraed Plutonium Deposition Casas 2 2%
Wnole Body Counter | _
_ . Mals  Femele My 1962 - Csve
& Emplcyees :
Routine ' 9€ Lo 00 k19
Special i 0 1 3
Termznal 0 0 0 1
Nonemplcyees 2 0 2 e
Pre-employment 0 0 0 4
Total 99 L 103 213
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Uranium Analyses :
Following osure Following Period 815‘ No Exposure
Units of 1077 ue Ufec Units of 1077 pe Ulee

: Number Sumber
Sample Description Meximum Average Samples Maximm Average Samples
Fuels Preparation 7L 17 65 Sk 5.4 48
fzels Preparation®* 15 15 2 0 0 0
Hanford laboratories 618 30 30 22 .9 32
Hanford Lsboratories#* 116 41 .3 0 0 0
Chemical Processing - 82 7.8 7 L9 h.3 69
Chemical Processing® 37 11 9 2.9 1.8 L
Special Incidents - ¢ - 0 0 0. Q 0
Randap 1.6 0.9 5 0 0 0

* Semples taken prior to and after a specific job during work week.

1d 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 Ccntami::ation
Plutonium

Filssion Produets
Urarium

CAZ_RRATIONS

Portebie Instmments
CP Moter
Junc
|
Cther
Total

Perepnnel Metars
Belige Film
Paneils
thar
Tatal

Miszelleneous Special Services
Tctal Number of Calibrations

AR Keene:DMU:ke

May 1960 tc_:_ Date
19 151*
3-

30,717 159,063
43,522 226,340
25 115

46 212

i 2h

Rumbar of Units Calibrated

May 1960 to Baté
90k 4,513
321 1,513
767 3,870
182 1

2,17 10,815
1,252 - 6,502
h_’é 11912
2 2,354-2
1,70C 10,583
—311 1,987
léilgl 23,365
20r the
Manager

Radiaticon Protection
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LABORATORY AUXILIARTES OPERATION
MONTHLY HEPORT - MAY, 1960

GENERAL

Security performance for the Operation was satlsfactory with no violations
during the month. ’

Safety performence of the Operation was considered satisfactory. There
were no major injuries; the minor injury frequency rate was 3.72 which is
considered sbout average experience.

TECENICAL SHOPS OPERATION

Total productive time for the period was 21,954 bours. This includes
14,461 hours performed in the Technical Shops, 2,644 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 7.9%
(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 T31 3.3
Chemical Processing Department 1,075 k.9
Hanford 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 T,493
man-hours to other project and off-site shops.

One sdditional machinist has been requested to report for work on June 20.
Screening of candidates for twe additionsl 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.

UNCLASSIFIED
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RADIOGRAPHIC TESTING OPERATION

A total of 3,337 tests were made of which 1,0Ll4 were radiographic
(1ncluding 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 ccnnectior with
rediographic tests, and 1,770 (69.4%) were used on supplementary tesis.
The supplementary test work included: autoclave; borescope; eddy current;
leak testing; penetrant {(fluoreacent 0.D. and I.D.); surface treatment
(alkaline cleaning, pickling, and vepor blasting); and ultrasonic {flaw
detection, core integrity, bond testing, and thizkness 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
moest of the operating departments and service organizations. A total of
35 reports were issued detsiling test findings with conclusicns and re-
commended action. Radiographic Testing Operation was consulted on 35
different occasions for sdvice and information on general testing theory
and sppliecations 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 construztion zchedules
are nct being mairtained. The bullding siding has been completely in-
stalled. Also completed is the sprinkling system in the process and
office areas. Installation of the autoclaves is still progressing; the
faeility is still not at a point where 1% can be tegted. 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
materiel handling facilities are progressing rapidly; the uniocading and
loading stations. have been completed, both at +the railroad siding and
at the recelving end of the building, and at the shipping end; the monorail
installation in the ncrth end of the building has been starbed.

Productive testing has been sharply curtailed besause of the lask of tubes
tc be tested and because of the construction activity which has required
shut down of certain equipment items. In +the interim, use is Yeing made
of the available time for lesting equipment alignment and for training of
tegting personnel,

Field work is proceeding routinely. The pressure vessel survey invelving
Wtragonic thickness measurements in the 100-F Area has been —ompleted.
Work is being carried on, on = continuing basis, for the Biology Cperasion
at the 100-F Ares animal fam involving swine and strontium Sr-90 pick-ugp.
Fleld operation activity will be augmented by the construction ¢f an x-ray
exposure room in the southeast corner of the C-25 Buiiding, Concrete walls
will be poured to provide adequate shielding for protection of perscnnel
and permit x-ray werk to be carried on during the dsy shift.

1249b21
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300 Arez 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, FPebrication
of a new ultrasonic tank for TPU rods will be completed June 1, 1960, and
installed in the 308 Building. Modifications to the fluorescent penectrant
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 31k Building. Complete fluorescent penetrant
work can now be done 1n 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 Statisties

No.of FL. of Weld No. of
Component = Tests or Material Pieces Description

CE&U 250 127 179 Film interpretation of radiographs
: PRTR site; Radiograph weld on
qualification coupon; Rodiogrzph
cast section offour pressure con-

trol valves,

CPD 60 BT 39 Radiograph welds orn vapcr line
tower; Radiogroph welds on H-L
vessel,

HLO 2272 34,148 2236 Aluminum pot with T.C.; .505" I.D.,

5.8 tubes; Zr-2 clad U0z fuel rods;
8.8 sheathed thermocouples; NzK
capsules; .680" I.D., zr-4 tubes;
Unmechined TPU fuel rods; Pu test
samples; Radiograph Palm fabri-
cation; Hastaloy and Inconel
tubing; .582" I.D. s.s. tubes;
Fluorescent penetrant test -
Hastaloy 90° ells; TPU fuel rcds;
Perform ultrasonic ‘hickness
measurements of pressure vessels
and hi-tanks in 10Q0-F; PRTR tubes.

IFD 745 8,151 528 Radiograph weld qualification
coupons; Cleaning; Perform helium
leak tests in 110 receiving
staticr and in 105 Building;
Immerscope of 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, 4 supplements and adjustments for underruns amounted to $123,039.
Expenditures during the month on HIO work were $126,310. Tetal 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 $ 141,277 i $ 12,15k
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 4,091
Balance at month's end 50 130,097 3 11,063
Orders closed during month 38 82,912# 1 L, 505%

* Face Value of Orders Closed -

Project CG-74k - 306 Building Addition

All 17 major pleces of equipment are now in their final location in the
bullding except for the Roller-Leveler. This equipment piece cannot be
gset for about two weeks because of lump sum contractor work in this area.
Acceptance %ests have been run on five pieces of equipment and five more
are scheduled. J. A. Jones work is 80% complete.

Project CG-T47 - 308 Building

All bat three of the punzh list items have been completed. Of these three
items one was deleted, another is 60% complete and “he other one will be
ccmnleted this month.

The work order to plant forces for removal of equipmen® in 231-Z and transport
¢ 308 Building has been closed out.

UNCIASSIFIED
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- FACILITIES ENGINEERING OPERATION

-" Pro Jecta

There were 17 authorized projects at month's end with total authorized
funds of $6,418,765. The total estimated cost of. these projects 1is
$8,257,765. There were no new projects authorized, and none completed
or submitted t¢ the Commission for approval this month,

The following summarizes the status of ELO project activity:

Nuzmber of authorized projects.at month's end: ' ' 17
Number of new projects 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

CGH-832, Full 8cale Physical Constants Testing Reactor
CGH-874, Consclildation of Plutonium Metallurgy Facilities
CGH-896, Stress-Rupture Testing Facility

NOTE: New proposals ready for trznsmittal to the AEC are:
Uranium Scrap Burning Facility '
Structural Material Irradiation Test Equipment - "ETR"

The atitached 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.

Pitle | Status

329 Building Cooling Problem : Field work is progressing. Scheduled
completion is June 30.

Elestric Hoist - Graphite Shop Crane, hoist end rails have been

3730~-C Building received, Field work has started.

Befrigerated Air Conditloning .Work complete,

Room 130 - 146-FR Building
Pressure Vessel Study This is a continuing work program

involving HIO vessels, pressure
systems and related safety devices.

UNCLASSIFIED
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Title

Coaxlal Cabla Between 325 and
329 Buildings

Additional Improvements to Air
Supply - Rooms 204 and 206 -~
3706 Building

Laboratory Purnace 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

Critieality Alarm - 300 Ares

Reactor Effluent FPilter -
Pilot Teat Facility ~ 100-D

Improiremen‘h to Animal Waste
Dispossl System

Atmospheric Physics Service
Center

Electrified Fenced Animsl Pens
and Pasture

Drafting and Desl gn Services

H-6 - ' - HW-65459

Status
Field work has started.

Filters have been received, In-
stallation to start during June.

Engineering complete. Materials
on order.

Design complete. Imstallation 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.
Engineering study is complete.

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:

w e

F

PN own

lo.
u.
12.

13.

lh‘ .
is.

Bresk away Corrosion loop (6 drawings - 50% complete).

Special Tools - Scope - High Level Utility Cell - 327 Building
(30% complete). o _
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 ¢ Hand and Shoe Counter - (approximately 16 drawings -
984 complete). ' .
Ultrasonic Test Tank - (8 drawings required - 50% complete).
Physical and Mechanical Properties Test Cell - 327 Bullding -
Bquipment Scope (6 work sheets completed).

Extrusion Tools for TOO Ton Press (8 drawings required - 6 drawings
completed). .

Design for Pyro-Chemical Test Facility (50% complete).

PRTR - PFPP Grounds Improvement (U4 drawings - 100% complete).
"In-Pile" Test Loop - "C" or "K" Reactor (12 drawings required -
Q0% complete). '
Remote T.V. Inspection of Process Tubes (7 drawings required -
30% complete).

Periscope Viewer - Reactor & Fuels (8 drawings estimated).

Scope design - Structural Materials Irradiation Test Facillity -
"BTR" - (15 drewings required - 10% complete).

In addition to 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.

HIO Plent Maintenance and QOperation

Casts: March $ 131,404

ril . 107,505
otal thru gpril 1,320,478

Analysis of Costs

The expenditures were + 4% of each category, and within 0.5% of the
forecast total. S '

UNCLASSTF IED
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Improvement Mailntenance

Item &ril FY thru kpril
Beating & Ventilation Correction - $ 1,589 $ 67,000
Relocation & Alteration 301 34,682
Paint o] 11,736
Electrical Improvements _ 0 1,342
Lighting 0 B3
Crene Installation LBo 25,390
Miscellaneous 3,754 8,298

Total - $ 6,1'2’4- $ 147,400

Migcellaneous

Approximately 23,&-00 square feet of prints were reproduced during the
month.

The total estimated value of the 18 requisitions ilssued during the month
wvas $6,000.

TECHNICAL 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 atiractive display panels occupying some twenty linear
feet, with "give-away” material included. Exhibits will be set up alternately
for one week ezch 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 whié¢h have alsc scheduled the exhibits.

At the request of Nuclear Metals, Inc. we supplied glossy prints of seversl
photographs from HW documents for use ik a book on Fuel Element Metallurgy
and Fabrication spomsored 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 Manager, Techniczl 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 2hth Rdition of M-3679, Standard Distribution Lists for Classified
Scientific and Technical Reports, was received in Files in late April

and it represents z major revision of the Commission's report distribution
gystem. : A nev category;.C-44 Nuclear Technology, .isito-be-used for distributicn
of all classifled reports not directly revealing nuclear weapon technology
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or actual production rates of fissionable materials. Reports on plutonium
technology that reveal actual or plaenned 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 aveilable to
properly qualified Access Permit Holders.

Pechnical 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 formel 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 should
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

H3O respectively for future reference.

Agreement on the "Proposed Guide to Atomic Weapon Data at Fanford®,
EW-63726, was reeched. It has now been forwarded by HOQ to Washington
for approval. ' '

In connecticon with our plans to automate certain Classgified Flles office
routines, two meetings have been held with vendors of automation equipment.
Others are planned. At the meetings, the vendors deseribe what they have
to sell and we describe ocur 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 alsc be used for
other work within HIQ.

The programing logic required for transferring the periodical subscriptions
activity to tape has been worked out and the program itself is being written.
The two subseription order forms (the fanfold form for IEM printing of
renewal data, and the multiple form for new subscriptions) have been
designed, reviewed by the plant Procedures Specialiste, and given tc Forms
Contrcl for ordering.

Work Volume Statistics

April May

Document Distribution and Flles
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) 84l 615
Documents picked up and delivered 19,470 21,768

1249528 WCLASSTFIED



UNCLASSIFIED

Document Accountabllity

Holders of classified documents whose files

were inventoried

H-10

Documents inventoried in Piles (copies)
Documents destroyed or retired (copies)

Documents revised (copies)

Documents pulled and documents filed (copies)

Documenta reclaggified

Accountable copiles of SECRET and DOCUMENTED

CONFIIENTIAL documents on-gite

Reference and Publication

Books cataloged (new titles)

Books added to the collection (volumes)
Ready reference questions snswered 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)

Libra.g_'_ Acquisitions and Circulation

Books ordered (volumes)
Periodicals ordered _

Books circulated {volumes)
Periodicals circulated {issues)
Inter-Library loans

Films borrowed or rented
Industrial f£ilm showings

Bound periodicals added to the collection

Library Coﬂe ction:

April

609

11,777
2,973
1,350

13,274

460

207,673

1ko
259

125
95
. 302

325

292
59
2,082
3,208
82

93
81

HW-65459

4

304
15,206
1,439
2,171
11,707
285

211,157

101
212

140

99
2L8
14

68

426
286
1,891
3,052
167

62
292

108-F Library Ind.Med.

Main Library  W-10 Library motal
No. of books 29,410 8,395 1,601 2,013 41,419
No. of bound
periodicals 13,781 1l 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 L él
Documents and papers (intended for oral presentation
or publication) reviewed for sppropriate classification _ L& 2k
Documents submitted to Declassificatlon Branch, -
Cak Ridge 1

Manager,

Laboratory Auxiliazries

JL Boyd: jw
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PROFESSTIONAL PIACEMENT AND
RETATTONS PRACTICES CPERATION

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

HEALTH, SAFETY AND SECURTTY

The medical treatment frequency for May wae 1.77 as compared with 1.68 for April.
There were no disabling injuries or serious aceidents during the month. There
was 1 security violation, bringing the total for the year to _date to 0.

Two papers on the investigation and control of'presaure 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 BEAPO's Technical Graduate Program remein
cpen. 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 Graduastes, 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. Four 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 L, there are currently 37 non-
exempt vacancies for which 23 candidates are in process and 5 transfers are
vending, 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, & machinist trainee in Technical Shops, died on 5/24/60.

Manager
Professional Placement
and Relations Practices

TG Marshall:bt

1269640
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TABLE IT NONEXEMPT EMPLOTMENT

Nopexempt Employmept Status April May =~ Nonexemot Trgpsfer Bequest April My
Requisitions R - Transfers | ‘
At end of month 28 37 Active cases at end of %7
Cancelled L 4 Cancelled ™y
Recsived 25 33 Now .8 4
Filled 7 20 Effected 1 2

1249041 | -
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UNCLASSIFIED

TABLE III. 35I0NAL PERSONNEL PLACEMENT

A. Technical Recruiting Activity - HAPO - September 1, 1959 to Date

: Visits to Richland Offers¥
Cases On the
Considered Invited Visited To Visit Extended Accepted Open Roll¥*
Ph.D. _ 637 147 LTS 2h 2 8 3 1
Exp. BS/MS 412 ol 62 7 - 83 45 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 _ Offers#*
Casesg . On the-
Considered Invited Visited To Visit Extended Accepted Open Rollx¥*
Ph.D. 637 7 hWé 2l 20 T 2 3
Exp. BS/MS -2hg 35 20 2 16 11 - 2

¥Offer totals include offers open on 9/1/59
MU.U. w
Exp.BS/MS 3
¥*0n the Roll totals include 1958/59 Carryover
~-acceptances and one 1957/58 Ph.D, Carryover.

UNCLASSIFIED

In addition té the above mo&p<u¢wb 15 exempt employees have transferred into
HLO from other HAPQO departments and 21 technical graduates have accepted

off-Program plecement in HLO to date. _

f249bY42
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C - Technical Graduaste and Technicisn Training Program
Month ending Mey 31, 1960

G Program IT Program
Number of Personnel on Assignment 38 5
(HAPQO Tech Grad Program ........ 29

(Western District E. P. ........ 9

Distribution of Assignments by Departments

HLO 1o 1
CE&UOC 1 0
FFD 1l 0
IFD 12 b
CFD L 0
CeAO 1 0
Distribution of Assignments by Function
R&D or Engineering 26 5
Other 12 0

249643
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FINANCIAL OPERATION MONTHLY REPORT

MAY 1060

Persomnel
There were no personnel changes during May.
| Activities

(GENERAL, ACCOUNTING

Estimates of HLO requirements for Assistance to Hanford work in FY 1961 were
secured and forwarded to Contract and Accounting for conmsolidetion and submisaion
to HOD-AEC for approval. Authorizetions expiring Jume 30, 1960, are being re-
viewed to determine if repnewals should be negotinted. Letters will be written

in June to Company components doing ATH work for HLO requesting estimates of
total costs to June 30, to facllitate fiscal year end accruals.

A revised list of professicnal and trade societies approved by the HAPO General
Manager for trave)l purposes was received and distributed to HIO managensnt as

Appendix "A" to the Travel and Living Expense Mermal.

Travel activity is sumerized below:
' Number -of Trirs Started

1 Fr 1l
First Six Months - 527 603
© Third Quarter 353 282
April 164 2
May 123 152
June 218 200 Est.
Total 1 = 1 400
p . —— ]

Based or eleven momths ectual experience and an estimate for the finsl month, 1t
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 established
for the 2000 Program. We are currently taking steps o irciude the 4000 Program

in this weekly report.

May expenditures inecluding a $39,000 acerual for eq_ui;nent received not 'bil:.ed
totaled $311,000.

. Thebﬂlingrortheneutrondpsimtersorderedbythem, to be funded by HiO,
has been received. The amount of this billiing is $70,402, as compared to previous
estimates renging from $39,000 to $61,000. An accrual of $61,000 was set up Zor
these dosimeters when they were received earllier in the year, .

A meeting was held with é. representative of the IEM Company to investigate the

feasibllity of using e new machine to handle the accumulstion of detail for eguip-
ment scquisitions. The machine could not meet cur reporting requirements.

1Z49b4Y - UNCLASSIFIED
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Sixty-six itms velued at $3%4,204, 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 requisitioms. .
There are 296 items valued at $140,799, currently located in the storage area.
Nine hundred and fifty-one pounds of zirconmium valued at $J.6 886, 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 verificetion of contaimers. A consolidated report of findings .
was prepared and submitted to Accou.nts Payable.

Effective July 1, the Specialist - Property Accounting will act es Central Control
Custodian of all Reactor and Other Special Materials with the exception of radium.
Chepter 4 of the HLO Property Msnagement Manmual was revised and dis‘tributed indicat-

ing the pew 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 inventory to include both Reactor
and Other Special Material and the furnishing of sufficient information to ensble
us to implement the revised procedure outlined in Chapter 4 of the Property Manage-

. ment Marual.

Ruclear Materials Accounting advised us of the conmtinuation 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 to0 submit inventory
information to emable us to prepare and submit a physical inventory schedule for
HLO.

35 Material Custodians were advised thet a representative from Nuclear Meterials
Measurements Operation will witness all HLO 8S material inventories to extend
through July 1960. The main objective of this program is to observe the
Custodian's routine ipventory procedure and meesurement methods.

- A Project Unitization Report was issued on Project CGH-829, “Building 325 Basement
Improvements” during the month.

Reconcilia.tion of the physical inventory of movable ca.ta.loged. equipment in custody
cf Reactor and Fuels R&D and in the custody of Chemicel R&D contimues.

COST ACCOUNTING

. The Hanford Laboratories operating cost control budget for May repcrr.:L.g vas
adJusted as follows: .

(Dollars in Thousands) ' Addustment Nev Total
4000_Program .

Flutonium Recycle Progrem $ 12 - $5 59
GCR -~ Physics , : (12) 165
Q Pro - , o : o .
Actiride Element (2) 98
Isotopic Analysis : _ (15} - o125
Radiochemical Analysis - (10) 220

0 1249by S | E | UNCLASSIFIED



UNCLASSIFTED J-3 : HW-65459

(Dollars in Thousands) Adjustment Fev Total
Transplutonic Flements (Fabrication) $(0)  $ 135
IMA - Pu 240 Elements (Fsbrication) {80) 2

.'.l'ota.l Hanford Laboratories - S $2k 728

Revisged Work Identification Code pages Tc and Te-2 for the Uniform Cost Code
Hardbooks were distributed during the month.

A rough draft of & letter to HOO-AEC transmitiing our estimetes of the cost to
duplicete the first fuel loading of the PRIR has _been ¢ireulated for comments.

Due to the strong emphasis on financial costs for the Joint Committee on Atomic
Energy's Hearings on Radiation Protection Standards, additional date were
developed for the Badia.tion Protection Operation. This material consisted of:

(1) narrative comperisons of cost informetion of the various Commission
sites, and

(2) a detailed breakdown by department and function of Fiscal Year 1959
operating costs at HAPO generated by radistion and safety activities,
which had previously been included in the AEC's preprint material in

sumnary form.

Armial review cf routine work orders wes accomplished during the month which
resulted in some cancellations, sup:plements, and revisions to bring routine work
orders up to date.

Actlion as indiceted occurred on the foliowing projects during the month:

Physical c%letion Notices Issued _
CGE Sbeet Metal Shop Anmex - 328 Building. -
CGH-879 High Temperature, High Pressure Autoclave Facility, 306 Eldg.

Constructior Completion and Cost Closing Statements Issued
_ CA- 681 Hanford Equipment in the ETR (AEM Services Oriy)
CGH-801 X-Ray Diffracticn Cell
CAH-828 Central Storage Facility - 300 Aree
CGH-838 Fission Product Volatilization Studies Test Facility - 202-T

Building

Arrengements have been made with J. A. Jones Constraction Compary which will
result in their aceruing and costing in June busiress all materials and egquipment
received and not billed or in transit where FOB is vendor's plant. Cooizacts and
fabricaticn orders will also be reviewed and costing will be effected where
rcssible.

PERSONNEL ACCOUNTING

Personal Skare in CE Fmployee Benefit Flans statements were delivered to employees
at work on May 13, 1960. Included with these statements was & letter indicating
desigrated bezeficieries in each of the following plarns: Pension, Insurance, and
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Savings and Security. Few errors were reported on the informetion furnished om
the Personal Share Statement. Many employees requested and were given forms to
change beneficiaries of record as a result of the letter on designated
bepaficiaries.

A study of the incressed cost in exempt overtime 1f the $7 ,500 control iimit was
eliminated was prepared. The elimination of the $7,500 control would have
increased HLO's exempt overtime 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 Msy 15, 1960.
The overpeyment was due to payment of isolation pey 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. FEmployees were
notified of this overpayment by means of a note prepared by C&A Personnel
Accounting and included with May 15 sslary payments.

. Payroll Statistics
. Number of HLO Employee _ Non-

Changes During Month Total Exempt ExemptT
Employees on Payroll at Beginning of Month 1 304 620 684
‘Additions and Transfers In 2% 5 16
Removals and Transfers Out 15 _6 9

Fmplocyees on Payroll at End of Month 1 310 619 22% _
Overtime Payments During Month . Mey ' April
Exempt | - $ 4 122 $ b 205
Non-Exempt 14 34k 10 508
' - L]
Total | $18 l_+66 S1i '?'1;
Gross Payroll Paid During Month |
Exempt . $528 732 $525 934
Non-Exempt 342 092 26 254
Total | $870 825 $852 188
Participation in Employee Benefit May April
Plans at Month End Number Percent Number Percent
Pension Plan 1152 99.5 1 153 99.5
Insurance Plan -
Personal Coverage 1 297 99.8 1 300 99.8
Dependent Coverage ' 922 ' g26
.8, Savings Bonds : ‘ .
Stock Bormus Flan 80 404 T9 39.9
Savings Plan a1 7.0 9l 7.0
Sevings and Security Flan 1 023 87.9 1021 88.0
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Insurance Claims
Fmployee Benefits
Life Imsurance .
Weekly Sickness & Accident
Comprehensive Medical
Dependent Benefits
Comprehensive Medical

Total

Good Neighbor Fund

. Number Participating
P_ercent Participating

W Sale:bk

1249548
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May - April
Number Amcunt Number Amcount
25 3 353 30 2 100
34 2 017 125 12 863
178 18 076 188 10 bh3
237 23 Lh6 ﬂ 25 o6
May April
916 gl5
T70.1 70.2

Manager - Finance

UNCLASSIFZED




UNCLASSIFIED K-1 HW-65459

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 a8 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, 1960.

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 Fluids
in Magneto-Hydrodynamics Power Recovery
Devices - April 28, 1960,

L. L. Ames, Jr. - The Removal of Zn65 from Reactor
Cooling Water.
H. L. Brandt ' A Continuous Countercurrent Jon

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. Chem_ical- 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-85423).
R. W. Wirta - Automatic Flow Diverter for a Turbine
_ Type Pump.
R. W. Wirta _ Miles per Gallon Indicating Instrurment.
R. ¥, Maness The Use of Low Temperature Acidic

Fluoride Soiutions for Preferential
Decladding of Zircaloy-clad U0, Fuels.

-
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