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LEGAL NOTICE

This report was prepared as an account of Government sponsared work. Neither the United States,
nor the Commission, nor any person acting on behailf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respectto the accuracy, com-
pleteness, or usefuiness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

As used in the above, “person acting on behalf of the Commission” includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with the Commission, or his employment with
such contractor. :
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March operating costs totaled $2, 250, 000; fiscal year-to-date costs are
$18, 966, 000 or 72% of the $26, 279, 000 budget.

Hanford Laboratories research and development costs for March compared with
last month and the control budget are as follows:

' Cost
(Dollars in Thousands) Current Last FY %
Month Month To Date Budget Spent

HLO Programs

02 Program $ 96 § 50 $ 439 § 661 66%
04 Program 841 784 7071 9619 74
05 Program 64 65 589 796 74
06 Program 198 159 1 694 2 402 71
1199 1 058 9 793 13 478 74
IPD Sponsored 260 268 2 399 3170 76
CPD Sponsored 144 168 1 483 1 954 76
Total $1 603 $1 494 $13 675 $18 602 74%

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

Startup of PRTR proceeded. The helium system was placed in operation,
initial operating problems were determined, repairs effected, and the system
returned to service. The secondary coolant system was operated, modified,
operated again, and tested during the first week of the month. Design testing
of the primary coolant system began on March 21, and continued intermittently
with progress limited by the helium system problems associated with loop
pressurization.

The contract for paving and landscaping the PRTR and PFPP site was
awarded March 23, 1961, and is to be completed within 120 days. Construc-
tion of the Maintenance and Mockup Facility (including the PRTR Rupture
Loop Annex and PRP Critical Facility Buildings) is estimated at 68. 5%
completed versus 76% scheduled predicted to April 1, 1961.

Bristol-Siddeley, Ltd., reports successful operation of one Gas Loop blower
at reduced conditions of 3000 pounds per hour and 450 F for several hundred
hours and approximately one hundred starts and stops. Delivery of one such
blower by May 15, 1961, was verified. The heater for the PRTR Gas Loop
in-reactor test section testing was repaired, bench tested, and installed in
the mockup.
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The conceptual design and economic evaluation of a 300 MWe Supercritical
Pressure Power Reactor continued with studies directed toward defining
the more detailed aspects of the power cycle, fuel element design, reactor
control, and plant layout.

A review of the ORNL Pebble Bed Reactor design was completed and sub-
mitted to the AEC, Advance Evaluation Branch. The concept was found to
be technically feasible. It was recommended that a more detailed study of
the concept be performed in order to better predict the power cost.

Studies are in progress on the distribution of micron size particles of
simulated PuOs in relatively coarse particles of arc-fused UOy for applica-
tion in swage compaction and high energy vibrational compaction processes.
Two loading techniques were developed which control the axial distribution
of fines in half-inch diameter by eight-foot long fuel rods to a variation of
plus or minus five percent. Mixtures of PuOg and UOg fines and coarse UOg
are also under study.

Volatility and flow of PuOg previously observed in a hydrogen atmosphere
was not seen with samples heated in helium for 72 hours. This supports the
speculation that the volatility in hydrogen is due to the high vapor pressure
of the reduced species, PuOg-4.

Radiometallurgical examination revealed no changes in a seven-rod, Zircaloy-2
clad, aluminum-plutonium alloy cluster thermal cycled 72 times in a high
temperature ETR loop. '

Fabrication of aluminum-plutonium spike elements needed for replacement
of depleted first PRTR loading elements is about 60% complete. Autoclave
malfunctions and availability of Zircaloy are current problems.,

Power generation calculations indicate an acceptable self-shielded plutonium
fuel element can be designed using a small diameter PuC core surrounded
by graphite and clad in Zircaloy.

End caps have been successfully welded into type 406 thin wall stainless
steel tubing using the fillet head weld. No failure of the weld or weld zone
occurred in hydrostatic burst testing.

Although a swaged UOg2, 19-rod cluster fuel element was irradiated for 13
hours after sustaining a failure, there was little evidence of washout of the
fuel. The cause of the cracked fuel cladding has not been determined.

Investigations of the compatibility of UC and UOg with several refractory
metals show that in general UC is by far the more reactive, Tantalum
proved to be the most compatible with UC and was able to contain molten
material for three minutes at 2350 C,
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An NPR inner tube, designed to check the hypothesis that an unbonded flat-
bottomed end cap could be used satisfactorily, failed by shearing the jacket
at the base of the cap with subsequent cracking of the weld after an exposure
of 1700 MWD/T.

An eight~piece production test with closure of the tubular elements produced
by hot heading and projection welding operated satisfactorily to an exposure
of 2000 MWD/ T.

Four KSE-3 single tube elements operated satisfactorily to 2000 MWD/T
under conditions closely approximating those in NPR. Basin examination
disclosed white areas on the Be-Zr closure and a gray appearance replaced
the usual lustrous autoclave film.

The maximum radiation-induced expansion transverse to the long dimensions
of the NPR graphite bars is expected to be 0.02%, occurring at an NPR
exposure of about 400 MWD/AT. An additional 0.01% expansion is expected
from the thermal annealing of stresses in the graphite.

To limit the corrosion rate of carbon steel in the NPR emergency cooling
system, it will be necessary to reduce the concentration of dissolved oxygen.
Tests with flowing river water indicate that the addition of sodium sulfite
and cobalt ion catalyst is a promising means of reducing the oxygen concen -
tration to an acceptable level.

Earlier indications that sections of a locally hydrided KER~-1 zirconium
process tube had transformed to the beta phase in-reactor are now attributed
to overheating during sectioning. However, evidence of partial recrystalli-
zation found throughout the tube is still valid.

Microsectioning of very thin oxide films on aluminum and zirconium alloys
has been accomplished by ion bombardment. This technique will be useful
in studies of the structure and properties of corrosion films.

Hydraulics laboratory experiments indicate that flow reductions caused by
partial blockage of the front nozzle coolant inlet port during operational
charging operations at the B, D, F and K reactors are not serious enough
to cause excessive fuel temperatures,.

2. Chemical Research and Development

Better characterization of the foam:ing problem with batch waste calcination
was obtained. A tangential air sparge into the top of the boiling pot seemed
effective in controlling the amount of foam over simulated foaming wastes.

The radiant heat spray calciner is being modified by inseriion of an insulated
inner sleeve at the top of the veriical column. This feature was designed
to cause channeled recycle of hot gas up the outer annulus and into the spray
region where partial evaporation will occur as the gas and droplets move

1226628 ——
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down through the center of the sleeve insert. This feature should reduce
scaling of the hot outside walls of the column.

Low concentrations of ammonia in Purex waste tank condensates were
detected and believed responsible for poor results on recent tests of ion
exchange purification of these wastes.

Repairs were completed to A~cell equipment in the High Level Radiochemistry
Facility and a third purification run recovered about 8, 000 curies of strontium-
90. This product was added to 13, 500 curies previously recovered and loaded
into the HAPO-1A shipping cask on a Decalso bed (inorganic ion exchange
media). Twenty thousand curies were retained in the cask for shipment to

the Oak Ridge National Laboratory.

Laboratory scale testing of the Hot Semiworks flowsheet for solvent extrac-
tion recovery of strontium~90 showed excellent strontium recovery from a
feed of 10% full level activity. Other features of the flowsheet were within
expected behavior., The Hot Semiworks began shift operation during the
month to check out the process system. A review of safety and radiological
hazards of Hot Semiworks .operation was completed.

A systematic study of electrodeposition of UOg from NaCl-KCl melts
showed the atmosphere over the melt had a profound effect on the nature of
the cathodic UOy deposit. Dense, polycrystalline deposits with 98% of
theoretical UOg2 crystal density were observed with O/U ratios as low as
2.0015. Under alternate conditions large single UO9 crystals as much as
8 mm long were formed.

Electrodeposition of UO2 from PbClg-KCl salt mixtures were studied at
temperatures from 500 C to 750 C with potassium to lead ratios from 1.0
to 2.5. Well~formed UO; of good quality is deposited over this wide range

. of conditions and the electrochemical behavior of this system gives promise
of a better theoretical insight to Salt Cycle technology.

A simple device was developed to assure one-way flow of resin in a continuous
ion exchange contactor. The device acts as a ''resin pump'' and involves
two plastic sphere check valves operating in conjunction with a pulser.

Comparison of U. S. Geological Survey aerial magnetometer data taken in
1959 to ground level magnetic field measurements made locally showed
reasonable agreement on site geological features. These extended data
identify a basalt anti-cline passing beneath 100-F and 100-N Areas in an
orientation south of 100~-D area. The significance of this newly identified
sub-surface basalt mass is being evaluated,

Mineral bed experiments indicated that pyrite (FeSg) will be replaced by
sphalerite (ZnS) in aqueous solutions where zinc ion concentrations are as
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low as 1073 or 10”4 molar. The reaction is independent of the oxygen con-
tent of the system, indicating that the mechanism does not involve oxidation
of the mineral pyrite. This work may have significance to the problem of
removing radiozinc (Zn-65) from surface waters or low level aqueous wastes.

Physics and Instrument Research and Development

A simple system for automatic control of existing production reactors is
being studied jointly with IPD. This system uses on-off rod motion actuated
by limits on outlet tube temperatures. Satisfactory performance was obtained
in four tests on an operating reactor in which an operator simulated the
proposed controller action., Effects of wider variations in parameters of

the controller operation are being investigated by analog simulation.

Knowledge of the neutron economy of the NPR was aided by exponential pile
measurements intended to throw light on neutron streaming in the many void
channels of the graphite stack. Hazards analyses will be assisted by reduc-
tion to useful, accurate formulas of the data recently obtained on reactivity
effects of fuel temperatures. These formulas now include the effects of
phase transformations in the fuel. Control rod strengths were also studied
further.

In the Plutonium Recycle Program a reassessment of the state of knowledge
of basic nuclear data was made possible by recently available results on
U-235 and U-233 obtained elsewhere., The conclusions are that the thermal
neutron data on U-235 and U-233 are good to one percent but that the data
for Pu239 are good to only four percent accuracy. Further measurements
will be required to improve the reliability of nuclear data of Pu

Nuclear safety analyses will be aided by improvements in two methods of
criticality prediction. In one, a computation method for predicting inter-
actions between neighboring accumulations of fissionable material in com~
plex geometries has given good agreement with more exact methods when
applied to geometrically simple test cases. In the other, methods developed
for predicting critital masses of plutonium oxide-water slurries were found
to be consistent with existing experimental data on dilute plutonium solutions.

The inexpensive radiation detector newly developed for installation at
locations where nuclear incidents might conceivably occur has been success-
fully tested for gamma dose rates from 5 r/hr to one million r/hr and for
total doses up to one hundred million r.

The accuracy of field radiation instruments will be improved through use of
a new portable scaler which requires about one-tenth the power of the best

available commercial scaler.

The range of available data on diffusion of atmospheric contaminants was

12290939



. X HW-69062

extended substantially by completion of the reduction of all data taken during
the 1960 field test series. Data now available include those taken under.
moderately unstable conditions as well as under a range of stable situations.

A pebble bed reactor design, evaluated jointly with Reactor and Fuels at
AEC request, would be improved by better matching of coolant flow distri-
bution to heat generation distribution. With this exception, completion of
the physics portion of this study has indicated generally attractive nuclear
properties for the design and has also pointed up the need for improved
nuclear data on thorium.,

Utilization of available physics computer codes should be improved as a
result of the current effort to issue documents describing the codes. Two
such documents were issued during the month: HW-68858, describing

"A Computer Solution to the Generalized Least Squares Problem'"; and
HW-68100 RD, describing ''Meleager-~A Burnup Code for Fuel Cycle
Analysis. "

Our knowledge of the behavior of P-32 in humans will be augmented by a
cooperative study begun with the University of Oregon Medical School,
using the whole body counter to determine the distribution of that isotope in
some of their patients.

The direct thermal testing of the heat transfer properties of fuel element
bonds was assisted by the development of an alternate method for making
such measurements using a plasma jet heat source and an inductive (eddy
current) thermometer. The new method may be advantageous with ribbed
fuel, for example, and on smooth fuel gave results comparable with those
obtained using an induction heater and infrared detector.

Biolo gy

C columnaris is showing a wide variation in virulence, making it extremely
difficult to associate virulence withenvironmental factors,

It was previously shown that absorption of strontium and calcium from the
lumen of the small intestine of the rat into the blood showed discrimination
and a changing discrimination factor with change in calcium concentration.
For the reverse process, where strontium and calcium is introduced into
the blood and the amount that appears in the lumen is measured, there was
found to be no discrimination and no change in discrimination factor with
calcium concentration. This important finding shows there is a one-way
active transport process operating in the small intesiine for the absorption
of these two ions.

By using dinitrophenyl (a specific plant poison), it was shown that water
movement (transpiration) and calcium uptake in plants do not parallel each
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other. This may prove an important step in elucidating basic mechanisms
in plant physiology. '

Rats can apparently take bi-weekly doses of 500 r without protection up to a
total of 10, 000 r. At this dose, animals seem to die of starvation. Cysteine

prevents the weight loss and mortality.

5. Programming

Substantial progress is being achieved in the development, simplification,
and improvement of computer codes for performing a variety of fuel cycle
and fuel value calculations. This includes routines for calculating exposure
vs. enrichment, isotopic composition vs. burnout, plutonium ''value' for a
wide range of uses, and minimized fuel costs and conditions as a function
of variables such as reactor constants, fueling mode, uranium price
schedule, and fuel element fabricating and jacketing costs.

An economic study has been initiated to evaluate the potential of partial-
decontamination separations processes, including the ""Salt-Cycle' process,
for recovering plutonium for recycle to power reactors. An important
factor included is an estimate of the cost of remote, shielded refabrication
of the partially-decontaminated plutonium.

‘TECHNICAL AND OTHER SERVICES

There are 16 currently active projects having combined authorized funds in the
amount of $18, 388, 000. The total estimated cost of these projects is $25, 383, 000,
Total expenditure through February was $14, 654, 000. In addition, project pro-
posals have been submitted to the Commission requesting authorization for eight
new projects with an estimated cost of $753, 000,

A major bibliography '""Review of Power and Heat Reactor Designs -- Domestic
and Foreign'' was completed during the month. Fifteen copies were prepared
for internal HAPO use. The multilith masters are being forwarded to the Office
of Technical Information Extension, Oak Ridge, from which they will be able to
reproduce additional copies as off-site demand warrants.

The Classified Files microfilming program is proceeding steadily, with 22, 800
documents microfilmed to date.

Project CG-785 - In-Reactor Studies Equipment - 105-KW, Project CGH-805 -
High Temperature Tensile Testing Cell - 327 Building, and Project CGH-907 -
Strontium-90 Interim Program, were completed during the month.

An HLO employeed assigned to the 325-A High Level Facility received an exposure
of 6.5 rads, including .19 r, as a result of handling a contaminated piece of
equipment, The dose to the skin slightly exceeded the permissible dose of

6 rads recommended by the NCRP for a 13-week period.
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There were no new cases of plutonium deposition confirmed during the month.
The total number of plutonium cases that have occurred is 265, of which 193 are

currently employed.

A faulty seal on a tank containing plutonium nitrate solution resulted in contami-
nation of equipment, floor areas, and three employees at the Physical Constants
Test Reactor in the 305 Building, Decontamination and resurfacing proceeded
throughout the month. Preliminary bioassay samples of involved employees
indicated minor, if any, deposition of plutonium.

Data from the complete file of fuel elements thus far irradiated and measured
under the Quality Certification Program are being used to obtain revised estimates
for the coefficients of various models of fuel element performance.

Initial steps are being taken to use evolutionary operation techniques in connec-
tion with certain production problems in the Finished Products Operation of CPD,

Consultation was continued in connection with instrument calibration for the pro-
posed pulse column test facility experiments.

The statistical analysis of data from the work sampling study recently conducted
by the Analytical Laboratories Operation has been completed.

Nondestructive testing at field locations with radiography and other test methods
will be expedited and performed more efficiently through use of a new mobile
laboratory.

SUPPORTING FUNCTIONS

Special requests were received from the U.S. Air Force during the month to
perform atmospheric studies at Cape Canaveral, Florida ($190, 000) and Edwards
AFB, California ($55, 000), Due to the cancellation of U. S. Government con-
tracts in the nuclear aircraft field some of this work may be cancelled.

The budget for attendance at professional societies was 39% spent at the end of
the month.

Sections have been requested to estimate their expenditures for Equipment Not
Included in Construction Projects for the balance of this fiscal year. Information
gained will be used to effect any necessary budget reallocation.

Fourteen Ph.D. candidates visited HAPO for professional employment interviews.
Three offers were extended; one acceptance and two rejections were received.
Current open offers total three. Recruiting trips were made to four universities.

Eighty-eight BS/MS applicants were considered, 51 offers were extended, 8
acceptances and 16 rejections were receive urrent open offers total 98,

22055 DECLASSIFIED
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Six Technical Graduates were placed on permanent assignment during the month;
four others terminated from HAPO rolls. Current program members total 51.

Nine requisitions for weekly salaried personnel were filled during the month with
a total of 11 active requisitions remaining to be filled.

Information meetings were held in each department at HAPO concerning the
Advanced Engineering '""A" Course to be held this fall.

Two consultations were held with legal counsel regarding the acceptance and use
of proprietary information on trade name chemicals of other companies.

The incidence of medical treatment injuries (49 for the month) and security
violations (5) continued at the increased levels established in February with a
strong decline in the injury rate beginning in the middle of the month.

Ten participants completed the Creative Approach Seminar, Arrangements were

essentially completed to offer "Principles and Applications of Transistors"
beginning early in September.

Coe . G

for Manager
Hanford Laboratories

HM Parker:CAB:mlk
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERTIALS - 2000 PROGRAM

1.

[22

METALLURGY PROGRAM

Corrosion Studies

Erosion - Corrosion of Aluminum Alloys. The impingement apparatus has
been modified by increasing the size of the small groove between intake
and exhaust holes from 15 to 25 mils to allow more water to flow past
the sample with less friction. Samples of X-8001 and 1245 aluminum
alloys were exposed to 300 Area tap water at 110 C in the modified
system. The corrosion of 1245 was about half that of X-8001 in five-
hour tests. However, the difference was not as pronounced after 16
hours. A 300 psi back-pressure caused approximately an 8% decrease in
the amount of corrosion at several water velocities. Experiments were
also run with deionized water at 110 C for 24 hours. The velocity of
flow was varied from 60 ft/sec to 120 ft/sec, but very little increase
in the amount of corrosion was measured. The corrosion was negligible
when compared with samples exposed to tap water.

Chromic Acid Protective Film on Aluminum. Autoclaving aluminum in one
percent chromic acid at 170 C for 40 hours produces a thin film which
has been previously demonstrated to offer a high degree of corrosion
resistance in a reactor environment. However, this treatment also pro-
duces a localized attack resulting in dark elongated pits, which have
been termed "worm tracks".

The nature of the worm track attack is quite similar to "Filiform
corrosion" which is observed on steels and other metals which have
protective oxide or lacquer films. Several approaches being studied
to eliminate worm track attack include: (a) increased pH and chromic
acid concentration, (b) initial treatment at high pH, followed by low
PH treatment, and (c) initial treatment at 100 C followed by treatment
at 170 C.

Hydriding of Zircaloy-2. The effect of several gas mixtures on the
corrosion rate and hydrcgen pickup in Zircaioy-2 foils of five mils
thickness has been measured at 400 C. The foils were exposed in a
glass vacuum system to the following atmospheres: 23 mm water vapor;
23 mm water plus 25 mm oxygen; 23 mm water plus 400 mm hydrogen.

The corrosion rates in oxygen-water vapor were similar to those in water
vapor alone. The corrosion rates in hydrogen-water vapor were high,
particularly when the hydrogen content of the metal exceeded 300 ppm
(the solubility 1imit at 400 C).

DECLASSIFIED -
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The hydroger pickups in water vapor alone were low, averaging 7 *to 1C%

of the corrosion hydrogen, whereas 15 to 40% is normal for 4OO C,

1500 psi steam. Hydrogen pickups in oxygen-water vapor were still lower,
averaging 5 to 8%. Hydroger pickups in hydrogen-water vapor were higher
than for water vapor alore, averaging 18 to 38C%. Hydrogen pickups in
excess of 100% of the corrosion hydrogen indicate hydriding from the
hydrogen overpressure. In contrast tc the above results, 4LOO mm hydrogen
overpressure in 1500 psi steam has no effect. Further tests are planned
to determine if the increased corrosion rates and hydriding observed
when the hydrogen content exceeds the solubility limit are real ard re-

producible effects.

Corrosion Evaluation of the Irradiated KER-1 Zircaloy Process Tube. Pre-
liminary corrosion data have been obtained from a sample cut from the
irradiated high corrosion porticr of the KER-1 process tube. The sample
was cleaned of all oxide, etched, ard exposed to 300 C, pH 10 water.
Sections cut from the cold end of the KER-i tube and 3C-mil Zircaloy
strip were also tested.

After approximately ten days of exposure, the irradiated sample appears
to be corrosion-prore. The oxide surfaces of the irradiated sampie ars
beginning to show visible cracks and the weight gain for the sample is

almost twice the value obtained for the 30-mil strip comparison pieces.
The sample sections cut from the cold end of the KER-1 tube show black

oxide films and weight gains only sligktly higher Than the 30-mil strip
compariscn pieces.

The corrosion test of the irradiated sample is being examined for any
information it may reveal on the solubility of ZrOp in high *emperature
deionized water. Some radicactive deposition has been found on the cold
pieces which does not appear to be zirccrium. A radioassay of the water
discharged from the autoclave shows virtually no acsivity.

Radiometallurgy Laboratory Studies

An inrer and outer tube from the hct head closure Zr-2 clad tube-in-tube

elements were sectioned and are being examined metailographically. Con-

sideratle cracking of the uranium cores was found, %But ro serious defects
in the cladding have yet been seen (RM-70€).

Three KER single-tube Zr-2 clad ernriched elements with Zr-Be brazed end
caps were measured for diameter, lergth and warp. QOmne cf the elements
showed a maximum double throw warp of 30 mils. The irradiation had
caused a slight shor%ering of *the elemerts (RM-S77).

Examination of the elemen~ and basket from the fiftk defect *test has been
completed. An estimated 25C ppm Hz ir the Zr-2 tasket opposite the rupture
was found from the metelicgraphic examination. Tkis will be checked by
hydroger. analysis (RM-S74),

The results and interpretations of these examinarions will be reported in
more detail in connection witk +the development programs served.
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Basic Metallurgy Studies
Radiation Effects in Structural Materials. In order to augment limited
data on changes in mechanical properties of structural materials result-
ing from radiation damage, tensile specimens of aluminum alloys M-388
and M-257 were irradiated in the 105-KE magazine facility. Three charges
accumilated exposures of 7 x 1039 nvt, 3.19 x 1020 nvt, and 6.25 x 10°
nvt (thermal), respectively. The aluminum powder metallurgy elloy (M-257)
is of interest because of its superior high temperature strength; however,
it does not have corrosion resistance in high temperature water compar-
able to the nickel aluminum alloy M-388. A comparison of the mechanical
properties of the irradiated alloys demonstrates the persistance of
strength differences. Their ductility was not markedly affected by the
irradiation. Test results are given in the following table:
Irradiation Exposure  Strength 1000 psi Young's % Total
Alloy nvt thermal .2% Yield -Ultimate Modulus Elongation
M-257 Unirradiated 28.3 36.2 10 8
" 7 x 1019 28.8 35.3 11.7 10
" 3.19 x 1020 3h.T 38.6 11.4 6
" 6.25 x 10<0 35.5 40.2 11.3 6
M-388 Unirradiated 9.2 16.1 11 29
" 7 x 1019 6.8 15.3 - 29
" 3.19 x 1020 8 17.1 9.k 23
" 6.25 x 1020 10.2 19.1 13.5 15.6

122

Electron and Optical Microscopy. The study of the microstructure of
cladding and fuel material before and after irradiation is a direct way
of detecting radiation induced damage in these materials. Thin films
and foils suitable for electron microscopy offer advantages, since radio-
activity hazards are minimized. High purity annealed aluminum foils,
0.003" thick, have been irradiated to 1 x 1020 nvt (thermal) and thinned
for transmission electron microscopy. Prismatic dislocation loops
similar to those observed in foils which received one tenth of this dose
were again detected. Normal dislocation lines appeared jagged and fre-
quently were clustered into tangles.

An aluminum rod with a polished, transverse face was coated with a thin
layer of collodion and then UOp. After irradiation the collodion with
adherent UO2 was stripped in acetone and the original polished surface
of the aluminum was replicated. This experiment, similar to a previous
one, indicates that fission fragments which enter a solid do, indeed,
damage the surface of a solid metal. It is impossible to directly de-
termine the extent of damage as a function of distance below the specimen
surface by chemical or electrolytic removal of surface layers and subse-
quent replication. However, it is possible to study fission fragment
damage as a function of depth in sandwich foils containing a constant
thickness of UO2 and various increasing thicknesses of metal. This type
of study has begun.
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A series of specimens containing approximately 60 A thick UQo films were
prepared by a single evaporation. These films were then arranged at
appropriate distances from a Pd evaporation source to provide a series

of sandwich films each differing by a geometric factor in thickness of
the palladium metallic layer. Subsequent irradiation and direct trans-
mission examination of the films disclosed that (1) damage regions or
track geometry is definitely a function of metallic film thiclmess;

(2) in very thin layers, & ~ 10 A, the tracks appear to be independent

of the metallic layer and characteristic only of the UOp layer; (3) in
films approximately 40 A in thickness, the projected damage track consists
of discrete high density damage spots (maximum electron transmittancy)
and superimposed regions of broad irregular regions of damage about the
main track. These tracks are characterized by heterogenecus patches of
condensed or piled up material adjecent to the broad damage regions;

() in films approximately 54 A thick, the tracks become narrower and
their length and number per unit area appear to decrease. Since loss in
contrast is a function of effective electron scattering power of the
material being studied, the conclusion that damasge in thick films is less
than in thin films may be erroneous. The effect is now being studied by
a modified technique.

X-Ray Diffraction Studies. The crystalline perfection of large metal
single crystals before and after neutron irradiation is being studied
through measurements of x-ray extinction. The magnitude of the extinc-
tion can be interpreted in terms of the sizes of the "blocks", or co-
herently diffracting domains, and the degree of angular misorientation
between blocks. A single crystal of molybdenum, grown by the strain-
anneal method has been cut into seven individual specimens. Only the
central one-third of the rod was used. The individuals were oriented
by x-ray methods, and faces were ground parallel to selected crystal
planes. Three were ground with 110 faces, two with 211 faces, and two
with 100 faces. Grinding was followed by finish polishing and heavy
electropolishing. Precise measurements of x-ray intensity diffracted
from these faces are being performed. The extinction, as indicated by
incomplete data, is that expected from a crystal containing domains
about one micron in size. Assuming these domains are bounded by dis-
locations, a dislocation density of about loa/cm? is indicated. Several
samples of aluminum single crystals of high purity (99.996%) and with
varying degrees of physical perfection have also been obtained and will.
be included in this study.

Tantalum Fabrication. Work is currently under way to attempt the re-
covery of about 35 pounds of tantalum scrap in the form of turnings. It
is anticipated that this material can be made into usable metal by con-
sumable vacuum arc melting. Four octagonal electrode bars have been
compacted into bars weighing 8.5-1b each. Density of the compacted hars
is 70-75%. Preliminary welding tests indicate that these bars can be
welded together with the electron beam welder to make the finished
electrode.
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Zirconium Alloy Febrication. Forging of the 13 zirconium base alloys
(Nov. 60 and Feb. 'Ol monthly reports) has been completed. Forging was
performed on the 700~Ton Bliss Press. Preheat temperature was either
850 C or 875 C depending on the alloy being forged. Three of the alloys
showed a slight amount of center cracking. Two of these required crop-
ping before forging could be completed.

Metallic Fuels Development

Fuel Irradiations. Radiometallurgical examination was continued on the
KER tube/tube elements irradiated to an average 3200 MWD/T exposure in
KER Loop 2. The following density measurements were made on specimens
cut from the center of & uranium core element and a U-2 w/o 2Zr core ele-

ment.
% Density
Density - Decrease
U Core Inner Tube 17.92 5.28
Outer Tube 18.36 2.96
U-2 w/o Zr Inner Tube 17.42 L.65
Core Outer Tube 17.15 6.14

The outer tubes both increased in 0D and decreased in ID. However, the
uranium inner tube increased in ID and the U-2 percent Zr inner tube
decreessed only slightly in ID.

An NPR-size inner tube fuel element (KSN-1) ruptured in a KER loop after
1700 MWD/T. The end caps of this element were flush-fitted to the uranium
and welded in place. An axial section was made through the failed end cap.
In addition to a crack through the weld, there is a crack on the inner
clad of the fuel element next to the cap-uranium interface. The outer
clad next to the cap-uranium interface is deeply grooved as a result of
thermally-induced shear strain in the clad. At one point this groove has
cracked open. It is probable that thisz failure initiated at the cep-
uranium interface as a result of shear failure in the clad.

The post-irradiation examination of PT-IP-300A is complete. This PT con-
sisted of eight, 20-inch long, natural uranium, Zr-2 clad, KER tube-tube
elements irradiated in KER at 28C C outlet to 2000 MWD/T, at an average
specific power of 70 kw/ft. The inner tubes feature the hot-headed and
projection welded closure; the outers were closed by TIG welding. Dimen-
sional measurements, including double throw warp were taken on all elements.
No defects, other than cracking of the uranium, were found in the one inner
and one ocuter tube sectioned for metallography.

Ten 15-inch elements of NPR inner tube stock, processed with variable beta
heat treatment, are being irradiated in KER Loop 1. The approximate ex-
posure of the elements on March 23, 1961, was 890 MWD/T. The average and
maximum element power was 48 and S kw/f<, respectively. The charge is
operating normally and is due for scheduled discharge during the first
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week of April at an exposure somewhat in excess of 1000 MWD/T. Two
elements of the same group have been approved for irradiation in the

3x3 loop in the ETR during Cycle 36.

The second KER loading of enriched single tubes (KSE-3) was discharged
from KER Loop 2 late in Februery after attaining an exposure of 2000 MWD/T.
Operating conditions of these coextruded elements with Zr-Be eutectic
brazed closures simlated those expected in NPR outer fuel tubes. Exam-
ination of the elements in the K basin revealed some white areas on the
Zr-Be eutectic braze closures and the absence of the usual black, lustrous
appearance of KER irradiated Zr-2 clad material. In other respects,

there appeared to be no changes produced by the irradiation. The fuel
elements were weighed in water against an unirradiated standard pilece for
the direct determination of swelling behavior. Calculations of the ir-
radiation~-induced volume increases from the weight change data for the
four elements were in good agreement and indicate a 3.0 percent increase
in fuel volume. This compares with a 1.3 percent volume increase deter-
mined at 1200 MWD/T. '

Radiometallurgical examination of the 18-inch long KSE-3 fuel elements
discharged during January at 1200 MWD/T shows a length decrease of about
0.070-inch, warp changes of -0.002 to +0.008 inch, and outside diameter
changes of +0.003 to +0.005 inch.

Heat Treatment Studies. X-ray data have been received on the preferred
orientation of the samples of NPR inner and outer tubes which underwent
various heat treatments involving varying hold temperatures and nitrate
quenching temperatures. All heat treatments showed an effective random-
ization of the grain structure, but further analysis will be required to
determine if any one of the heat treatments offers a better randomization
than the others.

All grain sizes of samples studied in these heat treatment studies have
been remeasured using the uranium grain size standards kit adopted by the
Fuel Element Development Committee with an attendant increase in the
accuracy of measurement and consistency of results. Previous conclusions
are more strongly supported and show that the nitrate quench definitely
gives the finest grain sizes of any of the quench media studied. The
normal grain size obtained on NPR inner tube 59 (30-mil inner clad, 38-mil
outer clad, 1.263 0D, 0.431 ID) using a nitrate quench was A3 (Al being
the large end of the range) while the same treatment on samples of NPR
outer tube 74 (25-mil inner and outer clad, 2.401 OD, 1.740 ID) resulted
in a finer grain size of A5 to A6.

Warp Studies. Twenty-four NPR inner tube elements, 24-inch length were
salt bath beta heat treated for warp studies. These elements were obtained
from six coextrusions made on the T0O-ton vertical press in an effort to
evaluate the warp problems arising from the horizontal orientation of the
production press, such as billet chilling and cooling bed handling. The
extrusions were cooled by hanging vertically from the die.
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The warp data for the as-recevied and beta heat treated conditions are
shown in Table I. All orientation of the elements has been kept with the
top of the die of the primary extrusion from which the coextrusion billets
were machined as the reference point. Wall thickness variation and shift
of the coextrusion were also related to this reference point. There is
no apparent correlation of the warp direction with wall thickness, shift,
or direction of the primary billet. The elements were sealed by welding
unbonded end plugs for hot straightening and autoclaving tests.

TABLE I

Warp Data for NPR Inner Tube Vertical Extrusions

As-Received Beta Heat Treated Warp Vector
Element Warp Orientation Warp Orientation Warp Orientation
No. Mils Degrees Mils Degrees Mils Degrees
1-11 80 300 - 156 90 230 100
1-35 50 270 61 Q0 111 90
1-59 30 170 48 175 16 182
1-83 24 90 31 170 36 211
2-11 32 90 57 100 28 114
2-35 L5 2ko 62 25 18 259
2-59 22 190 16 195 6 353
2-83 19 170 13 150 9 20
3-11 Lo 180 37 170 7 58
3-35 55 185 53 190 6 300
3-59 12 180 25 170 14 161
3-83 4o 270 20 270 20 390
4-10 115 195 87 270 126 333
L-34 31 198 28 230 8 313
L-58 10 50 27 265 36 256
L-82 Ly 100 33 100 1k 280
5-11 56 190 110 260 106 290
5-35 43 270 92 275 Lg 280
5-59 14 190 29 260 28 288
5-83 21 90 4o 110 22 128
6-11 111 270 93 270 18 90
6-35 22 170 3L 165 12 156
6-59 15 270 11 270 L 90
6-83 23 180 28 250 30 297
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The Effects of Cladding Thickness Uniformity on Zircaloy-2 Clad Co-
extruded Rods. Failures of Zircaloy-< clad uranium rods and tubes as a
result of localized clad straining hawve occurred ir NaK capsules and high
temperatures recirculating water loop irradiations. Radiometallurgy
examination of the Zircaloy-2 clad uranium rods irradiated in NaK capsules
has been completed. Measurements cf cladding thickness variations from
photographs of the rod cross-sections & planned. With these measurements
it is hoped to verify the conclusion made from previous observations that
an appreciable percentage thickness change over a short gage length may
be necessary to lnitiate local instability.

To further study the effects of cladding thickness variations on the sus-
ceptibility to failure, a series of NaK capsule irradiations of Zircaloy-2
clad fuel rods is planned for the Hanford reactors. Two 0.600-inch
diameter Zircaloy-2 clad rods of U-2 w/c Zr have been coextruded. These
rods have been bond tested, measured, and machired to length for the ir-
rediation specimens and control samples. Cladding thickness on the first
extrusion varies from 0.029 to 0.034 inch and on the second extrusion it
varies from 0.028 to 0.033 inch. When the cladding on tae irradiation and
_control specimens is machined concentric with the uranium to a thickness
of 0.025 inch, the variation will be decreased by the amount of the surface
irregularities. Hea% treatment and primary extrusion of an unalloyed
uranium billet preparatory to making coextrusion biliets is complete.

Fuel Component Development. The NPR fuel elsment self-supports, as now
designed, have a negative temperature coefficient for the support circle
diameter. This is caused by the increased separatior of the support tabs
as the fuel element expands thermally  Separaticr of support tabs be-
cause of heating lowers the support height mcre than thermal expansion
increases the fuel diameter. This condition is greatest for the inside
support where the diameter clearance hetweern the supports and the outer
tube will be 15 mils greater when the fuel is operating than when it is
cold. A support designed to have a zero o- pogitive circle diameter co-
efficient is being developed for testing.

Closure and Joining. In order to enhance the investigation of the metal-
lic inert gas filler metal process as & method of mak.ng the firali closure
on the NFR fuel element, several changes in the squlpment were made and
several are planned for the future.

The turntable drive was cnangsi from belt =c chairn with a change in the
diameter of the sprocket and driven gear. This chargs will give a positive
drive to the turntable, which had a tendency to slip, ana ircrsase rtne
speed with which the turrtable can be driven, thus allowing a weld on the
ID of the fuel element to be made under rhe same conditions as the OD weld.
Instrumentation was added tc the system which will alliow more precise
settings of the welding machire ard also acT as a check on the accuracy

of the machine dial settings. Iz addition tc chis, a record of the weld-
ing voltage of each specimen will be made.
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Before the equipment changes mentioned atove were made, a group of welds
were made on specimens with varying step dimensions. The start and the
arc (or running) voltage was also varied in a range just above the lower
limit of the welding machine. Several of these welds showed very little
or no beryllium in the weld metal when they were polished and viewed on
the metallogreph. The majority of the samples showed at least one small
spike of braze material in the weld. In some instances, however, the
spikes were small and 4id not appear to go through the weld tc the outside.
Other specimens are to be welded in the near future irn an attemp” to dup-
licate these welds.

Attempts to resistance braze a Zircaloy-2 cap to the uranium surface in
the projection-welded resistance-brazed closure have been encouraging.
Approximately 80% of the surface was bonded by using the existing 10C KVA
welding machine at full capacity. The braze material used was a copper
immersion plate on the face of the Zircalcy-2 cap.

The initial projection weld between the cap and the element cladding has
been improved to the point where the weld is adequate for the succeeding
brazing step; however, results indicate that additional power and pressure
will be necessary to produce a weld satisfactory for the closure.

Fuel Deformation Studies. A model for tubular fuel elements has been
formulated which accounts for the cyclic nature of straining within the
cladding but neglects the resistance to shear stresses of the fuel
material. Assuming cyclic strain data can be represented by a power
function and data obtained from relatively rapid rates of strain cycling
can be used tc evaluate the cladding msterial model, the resulting equa-
tions for the fuel element model have been solved and evaluated. These
analyses predicted that the ratio of exterior cladding strain to specific
volume dilatation should be 0.181 for an NPR outer tube, 0.385 for an NPR
inner tube, and 0.258 for the KSE-3 tubes presently being irradiated.

The rough draft report describing these analyses is written. Testing
apparatus needed to evaluate the effect of realistic rates of strain
cycling and the effect of incremental straining is designed. Parts for
the apparatus are on order and the extensiometer is fabricated.

Increased Creep Rates Due tc Large Temperature Changes. Temperature
cycled constant load tests or uranium are being conducted. In order tc
evaluate the deformations of tubular fuel elements, the fiow resistance
of the uranium during temperarture decrease and increase must be deter-
mined. Previous measurements have only detected the net strair per
temperature cycle. Two weeks of temperature cyciirg tests of a specimen
without any loading were run in order to establish *the theramal expansion.
The variations in lengths during thermal cycliing were so erratic thar a
mean thermal expansion could not be established. Hence, separation of
the strains occurring during heating and cooling will not be possible
with the existing equipmernt.
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Extrusion Lubricants. It has heen known for some time that vanadium
pentoxide above its melting point is a slightly viscous liquid with
extremely oily characteristics when in contact with other metals. Un-
fortunately, the melting point of vanadium pentoxide is approximately
690 C, which happens to be above the alpha phase of uranium. A search
was made for a method of depressing the temperature of this liquid
phase; two means of doing so were found. The addition of 9 w/o calcium
oxide to vanadium pentoxide forms a eutectic with a melting point of
618 C. It has also been found that the addition of lead oxide (Pb0) to
vanadium pentoxide in a 50-50 mol percent produces a eutectic with a
melting point of approximately 490 C. A small amount of the Pb0O-V205
eutectic has been made and will be ground to a powder for subsequent use
as a billet lubricant in the extrusion press. Similar experiments will
be made with the Ca0-VpOg in the near future.

2. REACTOR PROGRAM

Cooclant Systems Development

Cyclic Testigglof APACE Decontamination Procedure. Two cycles have been
completed in ELMO-14 in the past month, meking a total of seven completed
cycles in the inhibited APACE study. Isolated permanganate stains have
been noted on several stellite coupons. Sectioning in the stain area re-
vealed dendritic attack to a depth of about 75 mils. Since the stains
are seen on both sides of the coupons, it is possible that some continuous
channels run completely through the 100-mil thick coupons. It is postu-
lated that this attack resulted from casting defects in the test coupons
and that exposure to the alkaline permanganate solution opened channels
through these casting defects. Although coupons from the same lot have
been used in cyclic tests of other decontamination processes, this attack
has not been observed previously.

Oxygen Scavenging Studies. It will be necessary to reduce the concentra-
tion of dissolved oxygen in +he NPR emergency cooling water to keep the
corrosion rate to an acceptable level. A dynamic test has been completed
at 10 C to determine the corrosion rate of polished carbon steel coupons
in water that has been filtered and treated with sodium sulfite to remove
dissolved oxygen. Cobalt icn was usad as a catalyst for the scavenging
reaction. The coupons were mounted on a stainless steel ladder which -
gave an effective area ratio of carbon tc stainless of approximately 0.9.
The operating conditions were similar to those specified for NPR emergency
cooling operations. During this test 98 to 100 percent of the dissolved
oxygen was scavenged. The residual dissolved oxygen concentration averaged
over the total period of operation was 50 to 75 parts per billion. This
level is considered acceptable. The additior of sulfite appeared to
reduce the corrosion rate of the carbon steel. Quanvitative data +to show
the exact amount of reduction will be obtained.

During the corrosion test it was necessary to increase the sulfite con-
centration to 1.5 times the concentraticn normally required to obtain
complete scavenging. "This result has been tentativelv a*twributed to
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adsorption of a fraction of the cobalt ions on the metal surfaces, re-
sulting in a decrease in catalytic activity. However, this hypothesis
has not yet been verified experimentally.

Tests are planned to determine the effectiveness of hydrogen gas and
hydrazine as an oxygen scavenger in the normal NPR coolant water. A
production test is being written to authorize the use of one or more
of the KER loops for tests with or without a charge in the active zone.

Crud Studies. A program is now in progress to evaluate the concentration
of particulate solids in coolant streams by filtration through Lomicron
plastic paper. Although the present tests are intended to establish the
feasibility of this method and are, therefore, not yet capable of accur-
ately determining the concentration of crud, the method appears promising.
It is much simpler and less expensive than the carbon filters (hot crud
probes ) currently being used, although the hot crud probes are capable

of retaining finer suspended solids than is the L-micron paper.

Samples from ELMO-5 and KER-1 were viewed at 600X magnification to
examine the crud and to determine whether or not a particle count would
be feasible. A heavy background of rust particles was present in the
KER-1 sample but not in the ELMO-5 sample. Photographic techniques are
now being evaluated as a means of determining the size and concentration
of crud particles.

Corrosion in High Temperature Water. Corrosion tests of stainless steels,
Monel, super alloys, and Zircaloy in 300 C water are continuing. The
corrosion rates of all alloys are low, ranging from 0.02 to 0.0k4 mils/yr.

The KSE-3 elements discharged recently from the KER-2 loop had a very
light colored oxide film after discharge. An unirradiated element from
the same lot is being exposed to pH 10, 300 C recirculating water to
determine if the light colored film can be duplicated out-of-reactor.

ELMO-15 Supercritical Loop. The construction of ELMO-15 has been delayed
to permit further pressure testing of the components. The heater vessel
was again tested with a stress coating at 12,600 psi. The results of the
test were all satisfactory, except for the heater head which was incon-
clusive; this part will be retested. Another review of the pump was made
and a delay in shipment was requested until specific answers could be
obtained to questions on design, testing, and certification. This will
result in considerable delay of the program, since the loop fabrication
cannot be started until the pump is on site. The pump will be securely
anchored, with other pieces of equipment free to move relative to the

pump .

Structural Materials Development

Burst Testing of Pressure Tubes. A revision to the project for the con-
struction of an unirradiated burst test facility has been approved. The
project was discussed with the contractor but construction has not started.
Construction is scheduled for completion in early August 1961.
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A technique for measuring localized deformation occurring during the
burst test was developed. Heat resistant paint is used to print a grid
on the tube prior to testing. Initial results reveal a marked variatiocn
in both axial and circumferential strain throughout the specimen.

The design of a prototype chamber for burst testing irradiated pressure
tubing at elevated temperature is nearing completion. When fabricated,
the chember will be placed in the basin of the 327 Building to test the

adequacy of the designm.

Zircaloy Retubing Program. With the advent of the overbore concept for
retubing the production reactors, about 200 Zircaloy tubes fabricated
during early development work will no longer be suitable for C Reactor.
Adaptation of a special fabricating technique was undertaken to convert
these 43-foot C Reactor tubes to larger diameter 48-foot K Reactor tubes.
Initial trials with short sections of tubing were successful. Close
control of the increase in the inner and cuter diameters, the decrease
in wall thickness, and the increase in length was demonstrated. Tubes
with fabrication histories varying from annealed, 30 percent and 60 per-
cent cold work were successfully resized. To assure that the minimum
length requirements are met, some of the tubes will require a short
length of tubing to be butt welded on the end. Techniques for butt
welding were successfully developed, and the welds underwent resizing
without apparent damage. Prior to attempting the resizing of full length
tubes, minor regrinding of the tools will be required to eliminate the
light die pickup encountered during resizing.

NPR Process Tubes. To develop an ultrasonic test for small transverse
tears in NPR process tubes it was necessary o produce a standard against
which the material under test could be compared. Transverse nctches of
known dimensions were produced on the inner and outer surfaces of a
section of tubing using the Electrojet machine. This machine cuts by
action of a carefully controlled spark discharge between the work piece
and a tool of the desired geometry. The machine had not previously been
used at Hanford for this purpose so it was necessary to develop the
tooling and machine settings required to produce notches 1/8" long,

3 mils wide and from cne to five mils deep. A replication technique was
adapted for measuring the actual depths of the grooves cut in the inner
and outer surfaces of the tube. -

For the ultrasonic tests & focusing crystal was employed to determine the
correct angular relationships and machirne setTings to provide a balanced
response from the grooves on the inner and outer surfaces. Tests proved
that scanning rates which are impractically siow are required to assure
detection of defacts. Application of a flat crystal allowed greatly in-
creased scanning rates with only a small loss in precision. The tests
successfully detected a small pit and crack present on the inner surface
of a production tube. Additional refinements will be needed, but ultimate
success of the technique iz now assured.
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KER-1 Process Tube. Previously it was reported that the grain structure
of samples from two sections of the KER-1 tube indicated beta transforma-
tion had taken place. Subsequently it has been determined that this was
caused by sample preparation. It has been demonstrated with unirradiated
samples that insufficient cooling water while sectioning allowed the
specimen to heat into the beta phase. Most of the samples from KER-1
were submerged under water during sectioning which reduces the amount of
heat-affected material to a region less than one mil from the cut surface.
This material is easily removed during the grinding and polishing. Thus,
evidence of partiel recrystallization found throughout the tube is still
valid.

Wet chemistry completed on a portion of the tube that was beneath the
heavy oxide layer gave the results: nickel, 0.073 ¥ 0.004%; iron, 0.030

+ 0.002%; copper, 10 ppm. No tin was detected by wet chemistry, but the
spectrochemical analysis indicated one percent or greater. Tin is very
difficult to keep in solution, and it is possible that the tin precipitated
out prior to the chemical analysis.

. Nonmetallic Materials Development

Graphite Burnout Rates at C Reactor. Burnout samples were discharged
from 1839-C, 1960-C and 2780-C after 115 operating days. The average
burnout rates (percent weight loss per 1000 operating days) are shown
below:

Distance from Front Van Stone Flange

10-ft, 8-in. 15-ft, 6-in. 20-ft, 4-in. 25-ft, o-in. 30-ft
1889-C 2.12 2.35 0.29 0.23 0.11(gain)
1960-C 2.71 2.94 0.65 0.20 0.11(gain)
2780-C 0.12 0.60 0.36 0.18 0.03

The rates in the front zone of the reactor in the first two channels are
greater than the established limit of 2% per 1000 operating days. However,
they are lower than a year ago when a high rate of 35% per 1000 operating
days was measured in 1960-C. The rates from the same relative position in
channels 1889 and 1960 are nearly the same, while those from 2780 are con-
siderably lower. Hence, it might be concluded on the basis of these data
that the oxidizing condition extended across the stack in the areas of
these two channels but did not reach as high as the 27th row.

Physical Properties of NPR Core Graphite. The tensile strength of NPR
core graphite has been measured parallel and transverse to the direction
of extrusion. The average high and low values of sixteen parallel samples
were 1668, 1909, and 1242 psi. In the transverse direction these values
were 957, 1Lk2l, and 545 psi.

Defects in NPR Tube Blocks. NPR tube blocks which have been rejected for
visually observed cracks were examined. Flow lines as well as cracks
were noted. The flow lines reduce the tensile strength of l/i-inch and
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1/2-inch sections. The compressive strength of large sections is appar-
ently not reduced by the flow lines. Cracks were alsc observed between
the bore and outer surface of the bar. This type of defect will probably
become apparent when the keying notches are machined and may result in

further rejection of bars.

Initial Rediation-Induced Expansion of NPR Core Graphite. On the basis

of available data it appears that the maximum radiation-induced expansion
transverse to the long dimension of the NPR graphite bars will be 0.02%.
This maximum will occur at an NPR exposure of approximately 400 MWD/AT.

An additional expansion of about 0.0l% resulting from the thermal annealing
of stresses in the graphite will be superimposed on the radiation-induced

expansion.

Thermal Properties of Irradiated NPR Core Graphite. Room temperature
thermel conductivities after irradiation at 500 to 600 C, 1257 MWD/AT in
KW Reactor (an equivalent exposure of 600 MWD/AT in the NPR) wers

0.19 cal/cm-sec-C parallel to the extrusion axis and 0.09 cal/cm-sec-C
transverse to the extrusion axis. The thermsl expansion coefficients
between 25 and 425 C decreased slightly upon irradiation to about 500 MWD/
AT but returned to the unirradiated value upon continued =xposure to

1257 MWD/AT. These results have been reported in more detail in HW-68762,
"Irradiation Effects on NPR Core Graphite - Initial Short Term Irradia*tion
Results."”

Irradiations of NPR Graphite in the ETR. The GEH-13-5 graphite irradia-
tion capsule was discharged from the ETR on March 5. The NPR reflector
graphite contained in the capsule was irradiated at 700 C to a maximum
exposure of approximately 1.k x 1021 nvt, E>0.18 Mev. The capsule was
successfully disassembled in the hot cell and all four sample cups, con-
taining three samples each, were recovered intact and are being shipped to
HAPO for post-irradiation measurements. Twenty-two of the 24 iron, nickel,
and cobalt flux monitors were recovered.

Fabrication has begun on a capsule, GEH-13-7, to be irradiated in the F-6
position of the ETR. The purpose of this irradiation is to obtain qual-
itative comparisons of NPR core, NPR reflector, and CSF graphites. The
capsule will contain 2k quarter-round samples in groups of four. The
sample temperatures, which are expected t> be in the range 400 to 3C0 C,
will be monitored by nine thermocouples.

Thermal Hydraulics Studies

Heat Transfer Experiments Pertaining to NPR. The studies tc determine the
boiling burnout conditions for the NPR tube-in-tube fuel element were con-
tinued. Experimenta. data were obtained in the heart transfer laboratory
to complete the scheduled program fcr a rest section of the outer flow
annuius of the fuel element.

The test section consisted of a 2L-inch long Hasrelloy tube heving an OD
of 2.39C inches placed inside a 2.7C-inch ID process tubs. The Hastellov
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tube was electrically heated and the heat was transferred to water flowing
through the annulus. Thermocouples attached to the inside wall of the
Hastelloy tube allowed the detection of temperature excursions associated
with boiling burnout conditions.

A series of burnout points were recorded at 1000 psig with inlet tempera-
tures of 530 F and mass flow rates over the range from 0.5 x 10° to

5x 106 lb/hr—ftz. Additional points were cobtained at 1500 psig with in-
let temperatures of 510 to 550 F. Burnout indications were always given
by thermocouples in the bottom 90° gquadrant of the annulus. The data from’
these experiments are presently being prepared for 7090 computer analysis.

Preliminary analysis of the test results obtained previously for the inner
snnulus of the tube-in-tube fuel element indicate that the burnout heat
flux will correlate well with mass velocity and outlet enthalpy at mass
velocities above 1 x 10° 1b/hr-ft2. Difficulty has been encountered in
obtaining a satisfactory correlation at lower mass velocities.

Special test sections are presently being fabricated to study the effect
on boiling burnout at high pressure of having the inner tube of the tube-
in-tube fuel assembly placed in a ncon-coaxial position within the outer
tube.

Fuel Element Temperatures Following A Front Header Pressure Loss At

K Reactors. A study was concluded to determine the fuel element tempera-
ture rise which would be associated with various degrees of coolant supply
pressure decrease at a K Reactor. Such pressure losses could result from
loss of electrical power to the process pumps, or rupture of coolant supply
piping between the pumps and the front headers. The pressure reduction
events were simulated on the single tube prototype K Reactor assembly while
using d-c electrical resistance heating to simlate the nuclear heating of
8 38-piece charge of I&E fuel elements. Power input to the test section
was reduced systematically to simulate a 500 ih reactor scram. The results
of the experimental study will be useful in evaluation of the reactor
hazards which involve the coolant supply systems. The results are re-
ported in HW-68273.

While it was not the purpose of the study to make specific recommendations,
the experimental data allow one to make conclusions such as the following
sample conclusions: (1) With five-pump operation a sudden pressure re-
duction event as severe as rupture of a supply line to a front riser could
result in fuel jacket melting during the reactor scram and subsequent
power decay at tube powers of about 1500 KW. (2) With six-pump operation
fuel jacket melting would not occur even with failure of a front riser at
tube powers up to about 1900 KW. (3) Coolant boiling following a complete
electrical power loss should be avoided tc prevent fuel jacket melting.

The appendix of the report includes a comparison betweern the heat output
from the 189-D experimental equipment following a simulated reactor scram
and the recommended curve of reactor heat output which is based on a
number of reactor experiments.
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Silicon Rectifier Control System Modificaticn. The control system of the
silicon rectifier direct current power supply haes been modified to prevent
progressive damage of multiple rod heating element test sections during
boiling burnout experiments. The control system was originally designed
and installed with a power feedback control such that the rectifier output
control was based on test section power. During experiments with elec-
trical heating in several parallel electrical paths, the inadvertent
failure of ane element would not change the total power supplied to the
test section and thus would result in increased power generation in the
remaining elements and progressive burnout failures.:

A voltage feedback control circuit has been added to permit the rectifier
output control to be based on test section voltage. Thus, failure of one
element will not affect the power generation in the remaining elements.
Since power feedback is desirable for single element "fuel" assemblies to
overcome changes in test section resistance due to temperature change, the
power feedback control circuit is being retained on a selector switch basis
with the voltage feedback control circuit.

Low Pressure Boiling Burnout Conditions for Eccentric Annuli. The program
was continued to investigate the effect on heat transfer conditicns of the
non-coaxial positioning of fuel elements within a coolant tube. During
this month the effort has been directed toward the collection of data
applicable to IXE fuel elements in a K Reactor process tube for the case
of 0% eccentricity (i.e., concentric annulus).

In these experiments thermocouple trouble was encountered, and it was
found quite difficult to detect boiling burnout and manually reduce power
before test section damage occurs. One fairly conclusive burnout point
was determined for K Reactor central zone flow conditions (40 gpm annulus
flow) and 107 psig at a heat flux of 1.87 x 106 Btu/hr-ft2 at 3 F sub-
cooling. A one by 1/2-inch hole was melted in the test section as a
result of this burnout point. This burnout heat flux is about seven times
the burnout fluxes which were determined with 90% eccentricity and 40 gpm
annulus flow.

Flow Reduction During Operational Charging. Hydraulics laboratory exper-
iments indicate that flow reductions caused by blockage of the front

nozzle coolant inlet port during operational charging operations will not
exceed 10 percent of normal central zone flow rates. Part of the experi-
ments were conducted by recording transient flow rates during use of a
Mark II Operational Charging Machine (designed by IFD personnel) on a XK
Reactor single tube mockup. The remaining experiments were conducted on a
BDF single tube mockup under steady state flow conditions while purposely
restraining a fuel element over the nozzle inlet port. In neither case

was the flcw reduction caused by the charging machine action or the "stuck"
fuel element greater than 10 percent of a normal central zone flow. Since
a flow reduction of about 30 percent is necessary to cause flow insta-
bility, excessive fuel temperatures as caused by insufficient flow should
not be a problem during changing operations with the geometries investigated.

1229950



aE— A~17 HW-69062

Project CGH-834. Installation of equipment in the 189-D heat transfer
laboratory was resumed on Project CGH-834 which will allow investigation
of fuel temperatures following a simulated rupture of reactor coolant
piping at pressures up to 2000 psig. Equipment installed during the
report period included two heat exchangers, two pressurized air tanks,
and a 1000-gallon water storage tank. The tanks will supply water at
constant pressure during the simulated piping rupture. The completion
of this project awaits the receipt and installation of some quick
acting valves designed to simulate the piping rupture.

A new injection pump was installed in place of one of the large injection
pumps used previously in the high pressure experimental apparatus. The
new pump uses three cylinders instead of one to deliver the required

injection rate and thus should reduce the magnitude of the system pressure

fluctuations.

Shielding Studies. The IBM-T030 computer program to calculate neutron
and gamma attenuation for shielding design studies is in the debugging
stage. .

The electronic components of the fast neutron spectrometer are being
overhauled in preparation for future neutron spectrum measurements in
shield materials.

WEAPONS - 3000 PROGRAM

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

1. PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

PRTR Fuel Fabrication. The fabrication of replacement Pu-Al elements
for PRTR use has been delayed by uncertainties in sheath tubing
quality. Of 487 tubes received in 1961 for this loading, 97 are
being held for corrosion testing as all tubes using K and L billet
material are guestionable, and samples from each tube are being auto-
claved. All the other tubes or hand have been made into fuel element
rods and await etching and autoclaving. Autoclaving will continue as
soon as the new racks, holding 57 rods compared to the 36 in the
previous racks, are conditioned. '

Fabrication Development. The development of economical fabrication
techniques for uniformly enriched UQO2-Pu02 fuel clusters has been
accelerated during the past month and is essentially on schedule.
Swage compaction fabrication will be utilized in fabricating the first
portion of the 8l-cluster PRTR load, followed by high energy vibration
compaction of the remainder. This will allow direct comparison of

~ these processes for UOp-PuOp with UOp experience obtained during the
fabrication of the first PRTR loading. Incremental process differ-
ences due only to the plutonium enrichment can then be evaluated.

Distribution of plutonium oxide ir. uranium oxide is one of the major
problems involved in the development. Although the utilization of high
density UO2-PuO2 solid solution feed material would c¢ompletely eliminate.
the problem, considerable fabrication economies will result if small
particle size PuOp can be uniformly distrituted in arc-fused UQp having
the wide range of particle sizes needed to achieve high fuel densities
by both swage and vibrational compaction techriques. The complexity of
this problem is demonstrated by dispersion results obtained on a twenty
kilogram blend of 0.44€ w/o PuOz high surface area powder in arc-fused
UQ2 directly af*er removal from the twin shell bierder. Sirce this is
the mcst favorable process pcirt at which to expect homogsneity, subse-
quent pouring, vibrating and svaging operaticns wilil aggravate rather
than relieve the problem. Distriburtior resuits ty chemical analysis
were as follcows:

l. For 15 samples taken Tthrougnout ~he “lena,

a. Twe-thirds of the sampies were withirn ¥ 5% of <he
nominal value.

b. Over-all variance within -hz grcup of sampies was
approxirateiy 19%.

2. For the sample taken from tke blender wall,

The sample showed a retention of PuQp in <the ~iender.
The magr.itude of the retention was four times ths
ncminal tlerd value.

1229952 UNCLASSIFIED
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3. For 10% cut sample ‘rom the blend,

The sample analyzed 12% below the nominal blend value.
This analysis was below any of the 15 individual samples
mentioned above. As a cut 10% sample of a blend should
be more representative of the blend than an individual
"grab" sample, a repeat analysis will be made.

Since the PuQo powder used in this study was low temperature calcined
plutonium oxalate of very high surface area, some improvement should
result from the use of lower surface area powder formed by a higher
temperature calcination or by calcination of plutonium nitrate. There-
fore, this experiment has been repeated using oxide calcined at 1000 C
for four hours, but analytical results have not yet been obtained.

Two methods were developed to control the macro-distribution of plutonium
oxide along the length of a tube loaded with mechanically mixed UOp-PuOp
powders. One method consisted of preparing and mixing "one-tube batches"
of oxides and controlling the percentage of fines (-325 mesh particles)
in the batch. The other method consisted of incrementally loading the
tube so that each small increment contains the required amount of plu- |
tonium. Both methods have general application to other systems of mixed
powders. The advantages of the first method are simplicity and initial
cost, while the advantages of the incremental method are flexibility,
accuracy, and amenability to mechanization. Since both of the methods
were developed with UOo fines, determination of variations with mixed
UOp-PuOo fines will be made. Since the calcined PuOp particle size is
very small (entirely -325 mesh), it is assumed that PuOo will follow

the general distribution of -325 mesh UQz2. Therefore, a less time-
consuming and more basic understanding of the distribution problem is
obtained by studying the distribution of particle sizes of UOp along

the length of a tube than by obtaining spot analyses of plutonium
throughout the fabrication process. The experimental method consists

of loading a tube with UOs, shaking on a 60-cycle vibrating table to
obtain the desired tap density, cutting the tube into segments, and
obtaining the particle size distribution in the segments through screen
analysis. Based on the results of the experiments the following conclu-
sions are drawn:

1. The mixing, blending, and pouring methods and the container
materials all affect the distribution of particles in the tube.

2. A process of blending in large batches and splitting into
"one tube load" batches is not sufficiently under control
to assure (a) obtaining the proper amount of fines (-325
mesh particles, e.g., PuOp) in a given tube, and (b) obtain-
ing uniform distribution of the fines in the tube.

3. A process of blending "one tube batches" affords better control
for both obtaining desired plutonium content and distribution
in a tube.

UNCLASSIFIED
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4. The variation of fines along the length of the tube (L% to 20%
fines) may be expressed by the empirical formula:

_ 180
o=
where: Vp = total variation of fines expressed as a percent
of the percentage of fines
F = percentage of fines (-325 mesh particles).

Thus, for a mixture containing 449 fines total variation of fines along the
tube will be 45% or approximately L% * 1/2(0.450)(4%) = 4% * 0.9%, or
total variation from 3.1% to 4.9%. Similarly, with 20% fines the total
variation is approximetely 9% or 19.1% to 20.9%. Increasing the percent-
age of fines decreases the relative variation, so that if it were desired
to keep plutonium distribution within a 10% variation (¥ 5%), as is the
case for Al-Pu spike elements, approximately 18% fines would be required
in the charge. Since greater amounts of fines decrease final density in
the cold swaging process, no determinations beyond 20% fines were made.

A more accurate and flexible method of obtaining uniform distribution is
by incremental loading. The technique was developed when particles in a
glass tube were not observed to preferentially settle or migrate when
being vibrated on a 60-cycle table. This led to the conclusion that the
longitudinal distribution would be uniform if the PuOp could be loaded
uniformly. Several tubes were incrementally loaded with UOp using the
-325 mesh UOp to follow the distribution of fines which would include the
PuOs enrichment. The tubes were manually loaded in one-quarter inch
increments. In each increment fixed quantities of coarse particles were
mixed with fixed quantities of -325 mesh particles. Screen analyses wvere
made of segments cut along the length of the tube. Less than 10% varia-
tion of -325 mesh particles was readily obtained, and it appears that
much smaller variations will result from refined loading techniques.

Hand loading tubes in increments is relatively slow (approximately 30
minutes per tube), but the process is readily adaptable to automation.

In addition to the distribution of the PuQ2 in UO2, a number of other
problems peculiar to the swaging process are under investigaticn. Seven
additional UO2-PuQp fuel rods have been swaged with an over-all length
variation after four swaging passes of approximately 1-3/8 inches. Tube
wall thickness variations as well as die heating due tc friction and
mechanical work are the main contributing factors in length variation.

It now appears practical to controcl length with a total variation of one
inch and rods will be segregated so that within any one cluster total
length variation will be within one-half :inch. Fluorescent penetrant
examination of these rods after they rad been given a brief cleaning etch
revealed numerous pit type defects. Surface examination showed that the
cleaning etch had not been of long enough druation to attack the cladding
surface completely. The rods were given a standard etch, (0.004 - 0.005-
inch on the diameter), and on re-examination all rods passed the fluorescent
penetrant test. Ultrasonic testing of the rods indicated defects ranging

UNCLASSIFIED
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from 0.003-inch to 0.005-inch in the preswaged ends. Traces along the
rest of each rod were uniform, and no defects were recorded. Improve-
ments are needed in the gquality of the preswaged ends; however, this
problem does not exist with the alternate process using swagable end

caps.

A study was made of the relative movement of various sized particles in
a vibrating colum using the high energy vibratory compactor. A one-
inch ID lucite tube was filled with alternate layers of fused UOo:

(1) coarse (-6 +10 mesh), {2) medium (-35 +60), (3) fine (-200), and
(4) coarse from bottom to top. This was shaken and the movement of the
interfaces was observed with a stroboscope.

Confirming the results found on the Syntron shaker, no interfacial move-
ment was noted at 60 cps when the acceleration level was one gram or less.
At two grams acceleration the medium particles began to move through the
coarse fraction. The experiment was repeated varying the frequency. It
was found that movement of the medium particles through the coarse layer
took place readily at a one-gram acceleration level when the frequency
was in the 30-40 cps or the 450-480 cps region. At acceleration levels
of two grams or less no movement was detected of the fine particles
through the medium ones. When the acceleration was increased to 20 grams
and the rod was cycled for ten minutes between 30 and 2000 cps, some
disruption of the fine-medium interface was noted, but the mixing was not
extensive. As is to be expected, no penetration of the fine layer was
made by the top co8rse particles. It is concluded from these experiments
that there is a threshold acceleration below which relative particle
motion does not occur. This threshold is considerably lower at natural
resonance frequencies than at 60 cps.

Development has continued on a nondestructive technique for determination
of longitudinal segregation after swage compaction or vibration compaction
of UOo-PuO2 fuel rods. Gamme spectrometer studies were made on the two
five-inch capsules previously reported but measurements did not reveal

the one w/o defect present in one of these capsules. Three additional
capsules were fabricated in the same manner, containing 10 w/o, 3 w/o,

and 2 w/o defects along with a fourth capsule repeating the one w/o
defect. On initial examination all of the defects with the exception of
the one w/o defect were readily detected. Further examination of the
capsules 1s continuing.

Samples from sections of three zirconium rods extruded from scrap and
sponge were studied metallographically. The samples were then subjected
to a steam autoclave corrosion test. The sample made from sponge showed
considerable impurity in the form of hydrides at the grain boundaries

and unrecognizable inclusions. The grain size varied from fine at the
outside to large at the center. Corrosion resistance was very poor with

a weight increase of 234 mg/dm?. Heavy white oxide prevailed. The samples
made from scrap were in each case a good clean specimen. There were some
light oxide stringers. One sample showed mixed alpha and transformed beta
zirconium while the other sample was all alpha with very fine grain. The

UNCLASSIFIED
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difference would have to be due to temperature at the die during extru-
sion. Each of these samples showed good corrosion resistance, 18.1 mg/dm?
for the fine grain alpha and 23.3 mg/dm® for the alpha and mixed beta.
Tools for the extrusion of a one inch diameter tube have beern fabricated.
It is planned to direct extrude a tube from loose particles of scrap,
using only a copper can to contain the particles.

Weld quality tests have been made on 0.565-inch diameter, 0.0l0-inch wall,
type 406 stainless steel using the fillet head weld. The welds have been
subjected to hydrostatic burst tests and autoclaved at 350 C and 2400 psi
with no detectable change, further studies are being made on the weld-
ability of 406 stainless steel for fuel element end closures. It is felt
that fusion welding of 406 stainless steel will not be a problem.

Ten injection-cast cluster rods were drilled and counterbored preparatory
to making end closures. The machining was done without coolant to avoid
introduction of volatile hydrocarbons into the closures. The counterbore
diameters were within dimensional specifications with good surface finish.
Two rods which were transferred to an open front hood and measured with
calipers were within the ¥ 0.005-inch tolerance for machined length and
the others as measurad against a standard with shim stock were also within
specifications.

During the autoclave testing of Zircaloy-4 clad fuel elements it was
noticed that some rods exhibited a uniform grayish coloration rather than
the usual black color. Upon further examinaetion it was noted that the
autoclaved surface had small flecks of white oxide uniformly dispersed
with the black oxide. This oxide coating is harder to remove by grit
blasting than a uniform black oxide coating.

Fuel Evaluation. The four-foot long Zircaloy-clad UOo-PuQ2 seven-rod
cluster containing sintered and ground pellets has beer irradiated 71
full power days in the ETR 3x3 loor. Corrected exposure calculations
indicate the element has received a maximum of 25CO MWD/T and =ar average
of 1400 MWD/T. The calculated core temperature during this irradiation
was 1850 C with an associated maximum heat flux of 346,000 Btu/hr-ft2
After an appropriate ccoling pericd, +the element will be returned tc
Hanford for examinatiocn.

The radiometallurzical examiration of the in-pile thermal cycling =lement
has been completed. No changes in thz seven-rod cluster were observed as
a result of receiving 72 thermal cycles in the 3x3 loop. Metallocgraphy
showed some intermittent bonding betweer the plutonium-siuminum alloy
cores and the Zircaloy-4 claddinz. This has been observed in other high
temperature cluster irradiatvicns.

Some out-of-pile thermal cycling tests are being run on dummy elements in
an effort to determine the pressure deperdence of cycling effects on PRIR
prototype fuel rods. The cycling apparatus has been changed so that
constant pressure is meintained regardless of temperature and, as expecrted,
cycling effects are dependernt upon the tast pressure Even though some
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of the rods are badly distorted, no cladding failures have been experienced
with the improved quality tubing now being used for fuel fabrication.

Radiometallurgy results have been obtained on a Zircaloy-clad three-rod
cluster. This ll-inch long cluster was fabricated by inserting Al -

3 w/o Pu alloy cores into Zircaloy tubing with an average diametral gap

of four to five mils between the core and cladding. 1In this respect it

is similar to the PRTR Al-Pu spike power elements. The element was exposed
for 34 effective full power days and initially operated at an average power
generation of 66.5 kw/ft with an associated maximum heat flux of about
677,000 Btu/hr-fta. The external surface of the irradiated element had a
mottled appearance similar to what has been observed previously. All the
fuel cores were loose- in the cladding. The cladding ends have been removed
and core length measurements are being made.

More povwer generation calculations for the self-shielded fuel concept have
been received. The physical makeup of the fuel concept presently under
consideration is a small diameter PuC core surrounded by graphite which is
clad with one-half inch diameter, 0.030-inch thick Zircaloy. Results of
the calculations are as follows:

Self-Shielded Power Generation Calculations
PuC Core Material

Core Diameter Core Density Power Generatiopn in
(inch) (% Theoretical) Thermal Flux of 2x10%% nv (kw/ft)
1/16 90 19.10
3/32 90 31.97
1/8 90 L6.56
1/16 100 19.81
3/32 100 33.26
1/8 100 48.60

These calculations indicate that the self-shielding factor is greater and
the power generation is consequently lower than previously thought and,
hence, lower temperatures will be encountered. Heat transfer calculations
will now be made.

Corrected power generation values for the PuOp-UOo experiments in the Hy-
draulic Rebbit Facility (VH-4) at the MIR were received. Some typical
values, calculated by computer, were as follows:

Specific
UO2-Pulp, Density, Power
(/0 Pu02) (% of theo) (lw/ft)
0 65 12.36
0.187 65 16.47
15 65 78.36
Lo 65 82.80
0 90 16.12
0.0259 90 55.49
15 90 80.24
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The PuOp-UQ2 test element for the reactivity measurements in the SNOJT
Pacility mockup in the 305 Reactor has been designed and prepara:i:a of
the components has been initiated.

U0 Fuels Development

Irradiation of 19-Rod Agssembly. The failed rod in the prototypic PRTR
19-rod cluster (GfﬁllE-Ej was metallographically examined. The failed
cladding shows nc evidencs of strain or necking, indicating that the
fracture was not ductile. The interrnal surface of the cladding is
penetrated by many small cracks in the area near the failure. It hdas not
yet been determinred whether the failure was associated with an internal
crack in the cladding. Localized concentrations of hydrogen { av 100 ppm).
were observed near the outer cladding surface and in the immediate
vicinity of the failure. Surprisingly little evidence c¢f wash-out of
the UO2 is evident, although the fuel element was operated a +ctal of

13 hours after the rupture occurred.

Magnatic Force Closures. The electrical conductivity and hardness of
electrcde materials for resistance welding have a dramatic effect on the
quality of the resulting weld and on the electrode life. There are at
least. twenty-two alloys which mey be cbtained as "standard" materials.
Pour of these alloys have been evalusted as inserts for the non-segmented
cylindrical electrode on the magnetic-force welder. Longz electrcde life
was obtained with 10Ow3 (Tungsten Carbide-Copper), 20w3 (Tungsten Copper),
and TC-53 (Tungsten-Carbide-Ccpper). The low electrical conductivity of
TC-53 improved the heet balance when making closures on thin stainless
steel clad fuel rods. TC-53 is recommended for welding stainless steel
and 20w3 for welding Zircaloy-2.

Vibrational Compaction. Two vibrationally compacted, fused UOp, thermal
conductivity specimens were prepared. The specimens, three inches in
diameter and one inch thick, were compacted to 86.4 and 84.2% of
theoretical density in thin-wall stainiess steel containers. The pro-
cedure involved vibration of the coarse {+4 mesh) fraction to minimum
volume, followed by addition and compaction of a sized and blended
mixture, using a flcating restraint on the mixture to minimize segre-
gation of fines.

Particle size effects were investigated. Widely varylng particle size
distributions have been reported as cptimum 5y waricus sitss on the asis
of theoretical and empirical resul:ts Four promising mixtures of UQp
particles were selected ard compacted a* low accelerations and with
carefully cortrollad times and frequerncy cycling rates. The difference

in bulk density bevween each of the duplicate samples of the fcur mixtures
was less than 0.3%. The highest density was obtained using the mixture
empirically derived at Hanford for FRTR fuel rods. Particle zize dis-
tribution of this mixture is 55 w/o -6+.C mesh, 12.5 w/o -10+2C mesh,

12.5 w/o -35+65 mesh, and 20 w/o -20C mesh.
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Combined low-frequency mechanical vibration and wltrasonic vibration
may provide a method for fabricating large, complex fuel assemblies,
using relatively inexpensive equipment. An electromechanical, 60 cps
vibrator was used in combination with air-jet generators; the frequency
ranges employed were T7-15 Kcps and 26-32 kcps. In ten mixtures of
fused UOp grain, the bulk densities obtained by low-frequency vibration
were increased by superposed or successive vibration in the high sonic
or wWtrasonic frequency ranges.

Hot Swaging. Reduction in the amount of hydrogen added to Zircaloy
cladding during hot swaging of UOp fuel rods is being investigated.
Fused UOs (-60 mesh) was vacuum out-gassed at 900 C for 18 hours, and
loaded into 12-inch long sections of Zircaloy-4 tubes within a helium
filled dry box. End caps were welded into the filled tubes by the
T.I.G. process. The swage was modifled to permit flooding of the heated
fuel rods with helium during the heating and swaging process. One fuel
rod hot swaged in a helium atmosphere and one hot swaged in air are
being metallographically and chemically analyzed for hydrogen. A
Zircaloy-4 clad, hot swaged, four-rod cluster fuel element was fabri-
cated for irradiation in the MIR. The UQ2 density is 92% of the
theoretical. This test will determine the extent to which hydrogen
picked up during hot swaging precipitates as embrittling hydride in
the Zr-4 cladding during irrediation.

The density of hot swaged fuel rods was increased by rapid cooling of
the cladding just before the fuel rod entered the swaging dies. This
presumably was the direct result of higher cladding strength at lower
temperatures. With helium as the cooling medium, a density increase
of ~ 2% T.D. (to~94% T.D.) was observed. In one test thus far con-
ducted using water, the fuel rod density was 86% T.D., indicating that
the UOo had cooled too much before swaging. The water cooled fuel rod
did exhibit an excellent surface finish, however. Other tests are in
progress.

Hydride In As-Received Zr-2 Tubing. Samples from fifty Zr-2 tubes
(0.505 ID) were examined metallographically for zirconium hydride.
Forty-three of the tubes contained less than 20 ppm hydride; seven
tubes had 25-75 ppm hydride.

Irradiation of Defected Fuel Elements. Post-irradiation examination of
the purposely defected pellet-containing (95% T.D.) fuel element HD-1
(irradiated in a Hanford reactor) was completed. No significant increase
of hydride content was found in either the Zr-2 or Zr-4 cladding. The
element was irradiated at a low heat generation rate and with a low
coolant temperature.

The irradiation of HD-2, a cluster containing swaged, A 90% T.D. U0o,

is continuing successfully. The test, to date, has included three power
cycles. The first power cycle occurred during initial startup when the
reactor was scrammed after reaching about 1/4 full power. The second
cycle included a normal shutdown (from full power), and normal startup.
The third cycle resulted when the reactor was scrammed from full power.
Fission gas release, as determined by a gross jamma monitor on the
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effluent system, apparentiy was not affected by the power cycles.
Analyses of samples of the effluent coolant are incomplete, but it
appears that the quantity of fission products released to the coolant
is about ten times greater in this test than it was during irradiation
of HD-1. This is still many orders of magnitude less than the "allow-
able" fission product release. The two elements were operated at about
the same power generation rate.

Recycled UOo, Post-Irradiation Study. The "recycle" fuel element was
returned to HAPO after irradiation in the MIR and is undergoing post-
irradiation examination. Warp measurements and fission gas analyses
are complete. There was & maximum warp of 74 mils over the length of
the pellet-containing rod which forced *the rods to twist slightly and
caused a slight ovality of the rods in the bundle before it was dis-
assembled. The pellet-containing rod was the only one with any mea-
surable warp or other dimensional change.

Corrosion and Materials Studies

Fretting Corrosion. Zircaloy-2 fretting specimens have been examined
after 605 hours of testing in 316 C, pH 10 water. The specimens con-
sisted of ribbed Zr-2 cylinders fastened on carbon steel rods and sus-
pended vertically in a housing lined with Zr-2. The tests were con-
ducted in a coolant flow of 30 fps with both natural loop vibraticn and
an imposed vibration of three cps. The contact area between the ribs
of the samples and the liner was double that of previous tests. Fret-
ting was observed, although the penetration was somewhat reduced. A
penetration of one to two mils was measured on samples exposed only to
the natural loop vibration; this increased to two to four mils when an
additional three cps was imposed. These penetrations are one-half
those obtained with one-half the contact area.

Aluminum Corrosion. Certairn portions of the 6061 aluminum alloy shrcud
tubes and shim rods in whe PRTR aressstimated %o operate at 450 tc 600 F
in a heavy water-helium atmosphere ccrntaining small amounts of deuterium
and oxygen. A test to investigarte the corrosion of 6061 aluminum under
these conditicns has been cperating for 300C hours. The first 500 nours
of exposure was at 450 F and trne balance at 600 F. The corrosior medium
is LO% HpO, 58% A. 1% Ho, and C.5% Op. flowing over the coupons at ]
100 ml/ar (STP). No weight gains were fcund for the ccupcrs until

2800 hours. At thbis time, three of the ccupons incrsas=d ztcout 2C mg/ima;
the other two coupors, of a slightly diffarent alloy, had only &a vary
small increase in weight. Tke test 1s continuing.

Microsectioning of Thin Fiims by Icrn Bombardment Microsectioning by ion
bombardment of very thin oxide films op alumiroam and zirconium alloys has
been developed. The usual bombhardmernt arrangesment lccates the sample on
the cathode whers 1+t ig in line with the accelsrated ions of irert gas
This arrangemert produces intense arcing through the insulating oxide
film and consequent sample aamage due toO charge accumulatior.. This dif-
ficulty has beern overcome by rearranging rhe zizctrodes so that The sample
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is exposed to the bombarding ions without being placed at the cathode.

Hydriding of Zircaloy-2. Low-temperature hydriding techniques for the
formation of ZrHp surface layers without dissolving considerable Hp in
the bulk metal are being investigated. Electrolytic hydriding at 80 ¢
in 0.05 M HoSQy at a current density of L6 ma/cm? resulted in a uniform
hydride layer 0.0l4 mm thick. Gas-phase hydriding at 250 C proceeded
fairly rapidly, but hydriding occurred only in discrete areas on the
specimen surface.

Oxygen Additions to Zircaloy-2. Controlled additions of oxygen to
Zircaloy-2 coupons may be accomplished by controlled oxidation followed by
high-temperature homogenization in vacuum. It has been found that the
oxidation step must be carried out at comparatively low temperatures
(i.e., about 600 C) to insure a uniform oxidation for a given limited
smount of reacting oxygen gas. Oxidation at 900 C led to non-reproducible
weight geains.

The dissociation of HgQ was investigated as a possible source of pure
oxygen for oxidation studies requiring a constant oxygen pressure. The
Op pressure is theoretically infinitely variable, depénding on the
temperature of the HgO bed. It was found that the rate of approach to
the equilibrium oxygen pressure for any given HgO temperature is slow,
and for all practical purposes the dissociation is irreversible.
Reagent grade HgO gave off impurity gases that reacted with metallic
mercury elsewhere in the system. The gas obtained from the HgO decom-
position analyzed 97% Op, an unacceptable impurity

Corrosion of Zr-4 Sheath Tubes. Questionable corrosion results on Zr-k
sheath tubes fabricated from Wah Chang Ingot K have been reported by
Wolverine Tube Co. The weight gain of three lots of this material
tested at Nuclear Materials (NUMEC) was about 26 mg/dm after a three-
day, 750 F steam test; the specified maximum is 22 mg/dm Samples

from the same three lots were then autoclaved for 14 days. The weight
gains of two of the lots were normal and the third lot had a weight gain
of 40 mg/dm2. The surface appearance to all samples was reported to be
a mottled gray. These lots represent some 154 sheath tubes.

Babcock and Wilcox Company is fabricating the fuel elements for Heavy
Water Components Test Reactor and Wolverine Tube Company is fabricating
the sheath tubes. Samples from B&W tubes fabricated from this same
ingot have had weight gains as high as 108 mg/dm after a ll-day steam
test. B&W also report that Wah Chang Ingot M tubes are failing to pass
the corrosion test.

At HAPO corrosion coupons were cut from every other tube of K ingot
material. Fifteen of the 77 coupons were prepared for weight gain mea-
surement and the remainder for surface appearance only. After 14 days

in steam approximately 50% of the coupons exhibited light to moderate
stringering and one sample (K-51) was heavily corroded. The weight gains
of all fifteen samples were normel after three- and fcurteen-day tests;
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however, once agein approximately SC% had light to moderate stringering.
Duplicate coupons were then prepared for al. samples which showed string-
ering. These samples now have nine days of steam 2xpcsure and all have
excellent surface appearance including sample K-51 which was heavily cor-
roded on the previous test. Quadruplicate samples from lots KA and KB
with over 30 days of exposure have normal weight gains and excellant
surface appearance.

Because of *he wide variance in results from the different testing
laboratories, Wolverine Tube Company has initiated a round rcbin test on
material from Ingots K and M. The sites cooperating in this test are
Nuciear Materials and Equipment Corp., duPont Savanrab River Lab., Babcock
and Wilcox, and HAPO. Samples have arrived and are scheduled to begin
testing 4-3-61.

PRTR Process Tubes. Twenty-seven spare PRTR process tubes have arrived on
site and the final six tubes are in transit. A non-destructive testing
program at Hanfcrd has been proposed for these tubes. It will provide the
best assurance that only tubes of sound structural integrity and good
corrosion resistance are used in the reactor and conversely that tubes of
questionable quality are not used in the reactor.

A wide angle borescope (180° field of view) was borrowed from Lerma Engi-
neering Corporation for further tests %o establish the feasibility of
coupling a TV camera *c this borescope for the purpose of examining
process tubes in the PRTR. These tests showed conclusively that the TV
camera and borescope can be matched provided the surface of the process
tube under view is properly illuminated and the TV camera is equipped with
a very sensitive vidicon. Light tremnsmission through the borescope must
be 0.2 foot candles or more. A tubular frosted lamp placed about 3/8 inch
in front of the objective lens and a ring of lamps positicn=d to shine
down the tube past the borescope cbjecrive lens provide the best 1llumin-
ation of surface films and surface scratches.’
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Effects of Irradiation on Tensile Properties of Iron- and Nickel-Base
Alloys. Possible fuel cladding and process tube metals were machined
into duplicate sets of tensile test specimens and irradiated to a
thermal neutron flux of 2.53 x 1020 nvt in dry graphite-helium en-
vironment at about 650 C. The unirradiated control specimens were
heat treated on graphite supports in helium at 650 C (1200 F) for 500
hours to simulate reactor environment conditions.

The effects of irradiation on the room temperature tensile properties
are indicated below, each value representing the average of two ’

tensile tests.
Tensile Properties

Irradiated
Aloy Unirradiated (2.53 x 10°0 nvt thermal)
Yield Ultimate . Yield Ultimate
Strength Strensth Elongation* Strength Strensth Elong.*
No. Type 1000 psi 5 1000 psi b
14  Ferral (modified) 73.6 97.5 15.5 76 76 3
15 AISI 406 SS 67 88.6 23 70 o1 25
22 Hastelloy X 51.7 116 30 37.7 108 3k
24  Hastelloy R-235 o1 157.5 16.5 97 158.5 19
26  Inconel - 35.6 ol 42 : 35.5 95 42.5
28 Inconel 702 97 155 27 97 154 31
33  AISI 316 Ss 29.5 81 62 27 78 56
34 AISI 347 sSS 52.8 100 43.5 52 95 39

*Crosshead motion of tensile testing machine.

Alloy 14, Ferral modified, an Fe - 7.6 Al - 5 Cr - 2 Cb - 0.7 Zr experi-
mental alloy suffered the most pronounced property changes from irradiation
by losing close to 25% of its strength and 80% of its ductility. The re-
maining materials tested sustained only minor changes in strength or
elongation. It is intended to further investigate the effects of irradi-
ation upon the properties of these alloys at lower temperature and differ-
ent environmental conditions.
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PRTR Project Management and Design

PRTR Construction. A contract in the amount of $73,664 was awarded
Merch 23, 1961, to L. W. Vail Company for paving and landscaping the
PRTR and PFPP site and for related 300 Area parking lot work. Contract
costs have been split as follows: CA-TW7 - $L0,546, AEC-167 - $16,450,
and FPD - $16,650. The contractor has done layout work and started
excavation.

Construction of the Maintenance and Mockup Facility (including the PRTR
Rupture Loop Annex eand PRP Critical Facility Buildings) is estimated at
68.5% completed versus 76% scheduled predicted to April 1, 1961. The
M&M Building portion is estimated to be approximately 60% completed
versus 71% scheduled. Forming and placing embedded items in the 0'-0"
slab of the M&M Building constituted the major effort during the month.
The contractor poured the 0'-0" floor slab, which completed the last
major concrete pour for the building.

The inflatable seals for the PRTR exhaust stack filter are scheduled %o
be shipped at the end of March.

Installation of the gasoline engine driven generator unit and battery on
the loadout facility shipping trailer has been completed. Initial test-
ing has started at the Radiometallurgy Building.

New spline shafts of hardened 400 series stainless steel have been ordered
for the Fuel Element Examination Facility manipulator to correct galling
at this location. Delivery is predicted for the end of April pending
successful completion of testing. No work on equipment installatlon was
done during the month.

Larger oil absorber units were designed, built, and installed cn all
helium compressors and at other key locations in the helium system. This
work was performed following a faiiure of a compressor dlaphrarm whizh
flooded =2 portion of the halium system with oil.

The fuel transfer system and automatic H20 injection system were completad.
Operating experience with ths primary system has rewvealed a need for
additions and modifications to the leakage collecticn system in A cell.
Dezign of these revisions has begun.

Plutonium Recycle Critical Facility (Procject CAH-8u42). The construction
contractor is about 50% complete, on schedule after ar extensicn of 43
days allowed because of the late delivery of the fuel transfer lock. Work
remaining ircludes pouring the building foctings. erecting the bullding,
and installing the ventilation equipment.

The fuel ~ransfer lock frame has teen placed in the loadout basin wall
and grouted in place. Some 1nstallatvion difficulties as a result cf
dimensicrnal variarces from the vendor s drawings have been encountered
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and are being corrected. The compression seals have not oeen delivered.
The vendor's representative was on site during the week of March 20, and
is scheduled to return on April 4 for seal installation, painting, and

testing.

The heavy aggregate shielding concrete was completed March 21, 1961, and
peinting of the heavy aggregate cover slabs has started. Erection of the
structural steel frame was started, and the new doorway was cut into the

existing 309 Building.

The bids on the Instrument Package were received and reviewed and the
contract awarded to the low bidder, General Electric - APED, at a bid
price of $39,250. Delivery is scheduled for June 1961l. Bids have been
requested on the flux chambers for the reactor. The CPFF contractor to
the AEC has placed orders for the in-cell valves at a price of $6,843.67.
The moderator storage tank vendor has completed fabrication and testing,
and the tank was shipped by truck the week of March 20. One of the re-
actor pumps has been received. The other reactor pump and the thimble
coolant pump are enroute from the wvendor.

Fuel Element Rupture Test Facility (Project CAH-867). All except nine
tracings, part of "B" cell work, have been approved. The total number of
approved drawings now in process of being issued is 48. A complete
package of work contained in completing "B" cell and the annex has been
prepared and is pending a decision on the water plant.

The water plant, which was designed and approved to provide filtered-
Columbia River water to both the Rupture Loop and the PRTR heat exchangers,
is being reviewed to re-establish the necessity of providing this source
of water for both facilities. The water plant drawings and specifications
have been approved since January, and delays at this time will extend the
attainable project completion date.

Construction of the annex building is approximately 91.4% completed

versus 9% scheduled. Work on the tumnnel floor slab and the installation
of the two-inch process drain from the building to manhole "C" progressed
during the month. Remaining work includes roofing, painting, and concrete
work to complete the tunnel.

Bids on instrumentation, electrical switchgear, control valves, and the
makeup pumps have been received, and orders have been placed or are in
process. The bids on all items were considerably below the estimated
cost. A detail stress analysis of the heater (RLHX-1) revealed that ex-
cessive stresses were possible at the bottom vessel closure (flat plate
design). A new design incorporating an ellipsoidal end cap has been de-
veloped and will be provided at the vendor's expense. Delivery of the
vessel will be delayed approximately two months to the middle of May. The
vendor who is fabricating the cooler (RLHX-2) maintains that it is not
feasible to radiograph the high pressure nozzle-to-bonnet and bonnet-to-
tube sheet welds. Review by qualified HAPC personnel indicates that these
radiographs can be obtained with standard commercial practices. A detailed
procedure for performing the required radiographs was prepared and fcr-
warded to the vendor, Pfaudler Company.
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Design and Component Testing

PR-10 - Primary Loop Mockup. The spare primary pump operated 687 hours
during the month for a total 6049 hours. The leak rate increased rapidly
up to a maximum of four gph and has settled back to about 3.5 gph. All
pump data appear normal, pointing to possible leaking at the static neo-
prene seals. The new self-adjusting seal assembly to be tested on the
spare primary pump was received during the month.

The prototype pump with the self-adjusting seal assembly operated 687
hours during the month for a total of 5190 hours. The present leak rate
is 0.9 gph. The seal test stand operated an additional 180 hours and
24 starts for a total of 710 hours and 95 starts with the two prototype
primary pump mechanical seal assemblies.

The Aldrich injection pump cperated 273 hours for a total of 1115 hours,
after which testing was discontinued on the present set of R/M Vee-Flex
packing due to one gland leaking 5000 ml/hr with no further adjustment
possible. Disogrin U-cup packing has been received and testing will begin
during the week of April 3, 1961.

Flexure Loop. The 3-Clamp Grayloc transition union (SS to Zr-2) completed
450 hours and T4 cycles of operation at 2000 psig and 200-600 F.

PRTR Shroud Tube Replacement. The main efforts were directed toward the
full-scale mockup of the center section of the reactor tank. Scope
design is complete and detail design is 75% complete on this mockup.
This mockup will represent the reactor from 0'-0" level to the -27'-0"
level. It consists of the large center shroud tube and nine regular
shroud tubes.

After checking dimensions on the west test pit, it was ascertained that
the mockup would fit in this pit; however, there is an interference with
the building crane. The crane will clear the outlet nozzles by six
inches. This means that the "upper rotating shield" would have to be
removed in order to use the crane. With this weight supported from the
roof, each of two trusses would have to support 1000 to 1200 pounds,
which is a safe limit and which seems to be the most expedient method
of removing this upper section.

Tests have been started which will determine if an acceptable shrink fit
Joint can be made between the shroud tube and bellows.

Critical Facility Mockup. The weir for the critical facility was de-
signed to control the level of the moderatcr in the reactor tank. All
parts for this component have been procured, and fabrication is 25%
complete.

Specifications for components of an eleven-point moderator temperature
monitoring system for the critical facility are nearing completion and
these items should be on order by the first week of April. Resistance
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present Inconel-X system. These results indicate that the strength of
the PRTR shim system could be varied over a considerable range, if
desired, using readily available materials.

Safeguards Analysis. A memorandum summarizing the results of PRTR fuel
element testing tvo date and describing the plannsd PRTR process tube
monitoring program was forwarded to the General Electric Technclogical
Hazards Council. This was in response to a request by the Council for
additional information on these programs.

~ The detailed study of the consequences of primary coclant lesks in the
PRTR (HW-61236 SUP 2) was published as a supplemen* to the PRTR Final

Safeguards Analyeis.

PRP Reactor Physics Calculations. A more realistic set of macroscopic
nuclear constants have been determined to represent the PRTR core and

its detailed components iuring critical testing, for use in reactor
calculations with the FLUX-WEIGHT multigroup ccde. Of particular concern
were the plutonium elements. The revised constants include a more ac-
curate treatment of actual fuel content in the core, the congistent use

of Westcott cross sections, and a more detailed treatment of self-shielding.

The success of calculations of multiplication for the all-plutonium
loading is not fully evaluated. Where cne-dimensional reactcr calculations
necessarily treat the geametry of the core as & circular cylinder, the
actual loading configurations were effectively elliptical cylinders of
higher eccentricity. The degree of inequity in leakage due to this dif-
ference in geometry has not yet been determined. Calculations cf multi-
plication in the two- and three-zore configurations of the critical tests
do not present this geometry difficulty in such a degree. Moderator
level coefficients calculated for two-zone lcadings are greater than
those for three-zone loadings; it is speculated that the importarnce of
vertical nen-uniformities in the side reflector is reduced as the plu-
tonium is moved toward the center of %he core.

A theoretical determinartion is being made of the reactivity effect of lecss
of coolant for varicus coolant and moderator degradaticrn conditions.

Light water concentrations up to iC% in both coolant ard moderator are
being studied. '

Heat generation rates were calculatesd for several fuel samplzs whicrn are
to be tested in the MIR as part of <the continuing Plutconium Metallurgy
Program. These samples are four 1nches long and con<tain varicus fuel and
cladding compositicns. The redia. flux rraverse cver the fuel sample was
carried out using *he S, and the P3 neurror. transport tneory codes. Heat
generation rates varying from cne kw/fr tc 80 kw/fT wsre found depending
on the fuel and cladding used.
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PRTR Operations

Reactor Testing and Activation. The bulk of the testing work has been
completed on the following Design Tests:

DT L Helium Pressurization System

DT 5E Helium Gas Balance System - Hot

DT 6 Dry Gas System

DT 11 Secondary Coolant System

DT 14 Single Pass Shield Coolant System

DT 18 Electrical System, Panel Index Verification
DT 19 Electrical System, Switchgear and Controls
DT 20 Electrical System, Motor Control Centers
DT 24 Fuel Handling Equipment

DT 31 Data Handling System

DT 34 Cranes and Hoists

DT 40 Gas Seal Leak Collection System

DT 4L Automatic Controller

Study of data collected during Design Test 55, Moderator Level Stability
continued. A. L. Ruiz of Systems Research, Physics and Instrumentation
Research and Development Operation, participated in the analysis.

Helium system performance was generally satisfactory, although at full
operating pressure several previously undetected leaks were disclosed.
These have primarily been associated with the failure of valves to be
leak-tight. It is anticipated that this may be a long-range problem.
Corrective steps are now being taken, including removal of valves where
possible without sacrificing operating flexibility. New valves may be
required in certain locations to achieve desired levels of system reli-
ability. Pressure control of the primary system at low temperature was
satisfactory. Failure of a high pressure compressor diaphragm released
0oil into the gas system, requiring extensive cleaning. In the course of
cleaning, it was discovered that the recombiner had not been filled with
catalyst by the Phase III contractor Helium compressor performance has
been satisfactory since the diaphragm failure incident. Orifices were
installed in the unloading valve lines of the high pressure compressors
to restrict flow to approximately 75 scfm, maximum. This was required
to prevent excessive loss of helium from the high pressure helium system
should the compressor discharge check valves fail to hold. External
leaks in the high pressure helium system were found at the piping con-
nections to the storage tanks. These have been repaired by seal welding.

Piping connections to the resactor dry gas system compressor were revised
to reduce stresses on the compressor casing. Numerous leaks have been
located and repaired in this system, but gas losses have not yet been
reduced to acceptable levels.

Shim rod modifications in progress include the following:
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1. The 17-4 PH ball nuts that support the inconel shims on the lead
screws are being replaced with 300 series stainless steel material.
The nuts are being replaced because of possible failure of the
17-4 PH ball nut due to stress corrosicn. As an added deterent
to possible dropping of shims, two small steel pins are being
welded in the inconel shim. In the event a ball nut fails, the
pins will limit shim drop to 1/8 inch.

2. Shim assembly wiring is being improved by providing internal
connectors in place of troublesome soldered connections. The
new connectors are being potted with a waterprocf compound as

work progresses.

3. The electrical connector at the top of the shim rods was modified
to provide a waterproof seal. The modification was tested and
found satisfactory. The original compression locking device was
removed to facilitate maintenance of the system. Present cable
connectors will be provided with an amphenol screw cconnector and
an O-ring seal.

L. The thermocouple attached to each shim is being replaced with new
SS sheathed couples. The couples are being encased their full
length in an aluminum tube that is welded to the shim web.

5. Each shim is being thoroughly inspected. Doubtful parts are being
replaced or reconditioned. All maintenance efforts are being
accurately recorded to aid future evaluation of shim performance.

6. A program to improve shim position readout was initiated.
Present VIVM's will be replaced by bridge circuits incorporating
the VIVM's 0-200/ua meter for readout. This work is not critical
to completion of the startup program.

The total shim repair job is approximately 40 percent complete. All
necessary material is on hand or is being fabricated locally.

Considerable difficulty has been experienced during the removal of three
calandria access plugs. It has been found that approximately 200-foot
pounds of torque is required to break a plug loose. This excessive
tightness is due to galling at the seal and will be eliminated in the
future by using nev anodized plugs to replace plugs which are removed.

Plans and Procedures. Preparation, review, and approval of the Oper-
ating Standards and Procedures continued. Two Operating Procedures were
approved during the month by the PRTR Startup Council, leaving eight
- procedures yet to be approved. Six new standards were written during the-
month and are currently being reviewed. Seventeen standards remain to be
approved. Rough drafts of two of the three remaining power test des-
criptions were prepared and are being circulated for comments. Equipment
procurement and installation is continuing.
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The list of information required for approval of special irradiations
in the PRTR was distributed to the groups expected to sponsor the
majority of tests in the PRTR.

2. PLUTONIUM CERAMICS RESEARCH

Flutonium Dioxide-Uranium Dioxide. Experiments on the Pu02-UO2 system
and on the stability of PuO2 were curtailed due to replacement of a
burned out heating element in the sintering furnace. Another "long time'
sinter experiment was conducted, however, in which eight UOQOp-PuOz pellets
were held at 1550 C for 76 hours in helium. The volatility and flow of
PuOo rich compositions previously seen in hydrogen atmospheres was not
observed. This lends further support to the speculation that the vola-
tility in hydrogen is the result of a high vapor pressure of the reduced
species, i.e., PuOo_yx. In this experiment each pellet was enclosed in

an individual molybdenum tube and on discharge from the furnace, a thin
molybdenum coating was noted over the majority of the surface of each
pellet. The molybdenum boat wire which was near a PuQp pellet was coated
with fine black whiskers which is evidence of the deposition of oxide from
the vapor. Examination of these pieces is currently in progress.

1

The resistance to indentation of a ceramic material should be a function
of its total pore volume resulting in a hardness-density relation. Micro
hardness data have been obtained from the center, half radius, and edge
of about twenty UOz-Pulp pellets ranging from 60 to 97 percent of theoret-
ical density. A very definite relation exists between density and DPHN
and should prove of assistance in evaluating in-reactor mass transfer

and densification. Hardness tests will be made on the GEH-14 capsules
currently in Radiometallurgy storage.

A UO2 - 5.67 w/o PuOp }GEH—lh-BB) sample which had been irradiated to
approximately 2000 MWD/T in the MIR has been subjected to x-ray dif-
fraction analyses together with its unirradiated counterpart. A gquick
comparison of the two scans indicated a slight line broadening and shift
had occurred as a result of irradiation. Intensities were noticeably
different also, presumably due to excessive grain growth and orientation.
The two samples are presently being scaled for detailed examination.

Plutonium Carbides. Experiments to determine the composition limits and
gain some understanding of the defect phase PuC have continued. Back
reflection x-ray data obtained from 19 plutonium-carbon alloys in both
the as arc-melted and annealed condition showed the lattice parameter to
very uniformly over the range 43-49 a/o carbon. The samples which had
been amnealed at 1450 C in vacuum showed a slightly higher lattice
parameter, presumably due to loss of plutonium. Above 49 a/o C, the
lattice parameter remains constant at 4.974 A. Below 43 a/o C, the
lattice parameter also remains essentially constant as a function of com-
position, but extrapolation indicates the composition to correspond to
about 48 a/o C. Densities obtained on the arc-melted buttons geve approx-
imately 13.35 g/cc for the PuC phase and varied uniformly with composition
for carbon rich and carbon deficient PuC. The above data were fit to the
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PuC phase diagram proposed by Ellinger and several modifications to the
"dashed" lines are postulated. It should be pointed cut that the com-
positions discussed above are based on the amounts of plutonium and
carbon initially mixed together. All the alloys are presently being
analyzed for carbon by a combustion technique.

Additional melting data fixes the peritectic decomposition of PuC at
1660 * 15 C and that of PugC3 at 2075 ¥ 25 C.

Micro hardness tests on a series of arc-melted PuC-UC alloys was rather
unsuccessful due to oxidation of the sample surfaces. The most reliable
data were obtained from a pure PuC specimen and gave a velue of TOC DPHN.
These samples will be rerun next month immediately following a pclishing
treatment. Detailed metallographic examination was also impossible due
to poor surfaces.

Plutonium Oxide-Zirconium Oxide System. Several sintered pellets ranging
in composition from T - 95 m/o ZrOp were quenched in water from 600-
1000 C. Points determining thne phase boundary between the F.C.C. solid
solution and the two-phase (F.C.C. solid solution + monoclinic ZrOp)
regions are as follows:

Composition (m/o Zr0p) Temperature(°C)

T7.0 Approx. 20
83.6 600
89.4 800
ok.9 1300

Thermal Conductivity. After familiarization with the thermal conductivity
device and the concept involved in the determination of thermsl conduct-
ivity by the comparative method which is the design basis of this setup,
some changes were found tc be required. A new set of thermocouples was
attached to the conductivity insert and the head plate was machined to
remove a warp that had been introduced during installation of a ccoling
coil. Alteration of the heater circuitry completed these changes.

The first two trial runs showed the thermocouples, vacuum system and main
molybdenum heater to be functicning properly. Trial runs three and four
showed that the constant voltage source used was inadequate to raise the
meximum thermode temperature over 250 C with the main heater alone. Runs
five and six tested out the bottom balance heater and recirculating water
pump. The pump was found to leak after pressure had been built up. This
was remedied. The meximum temperature obtained with the main heater and
bottom balance heater was less than 300 C after five hours. Changes were
made in order to put higher amperages into the main heater and the top
balance heater. Trial run seven employed all three heaters. At a temp-
erature of 480 C, the top balance heater went out. Disassembly revealed
that the heater windings had shorted and also that much of the heater in-
sulation had broken off. Three faulty water valves were also discovered
and repleced. The heater was rewound and will be assembled following a
few more changes.
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U02 FUELS RESEARCH

Fuel - Ciaddirg Reactions

High temperature reactions of UOp and UC with various cladding materials are
being inves<tigated. Small specimens (about 50 mg) =f U0z ard UC are weighed
to + 1 ug and placed on a i/4 inch wide strip of the cladiing being irvasti-
gated. The strip of cladding is resistance heatsd in 3 helium atmosphere

tc the desired temperature (as measured with ar optical pyvrometsr) and
allowed to soak for a predetermired length of time. Specimen weight change
is measured arnd any changes in specimen appearance is ncted. The filamert
end specimens are then sectioned and sxamined me=allographically. Cladding
materials irclude tungsten, tarntalum, molybdsrum, Zircalcy-2, Zircaloy-L;
304L stainiess stezl, Hastelloy F, Incorel X, Fansteel 80 (99% Nk, 1% Zr),
and Fansteel 82 (€6% Nt, 33% Ta, 1% Zr). UCp and UC specimers were hzatad
on eack of these materials fcr ten minutes at 1000-1500 C {cr the msiting
point of the cladding minus 100 C, whichever is less), the melting pecint

of the cladding minus 100°, the melting point of UC (2350 C) and the msit-
ing point of UOp {2790 C}.

Uranium carbide was much more reactive than UOo in all cases. The moltern
carbide reacts vigecrously with tungsten, molybdenum, snd Fansteel 80 and
82. Tantalum was most compatible with UC and was able to contain a

molten puddle for about thres minutes at 2350 C before the filament separ-
ated. All of the claddings whose melting temperature was less *than +hat

of UC reacted extznsively at a temperature 100 C less than the melting
point; bur with the exception ¢f Hastelloy F, all filaments remained in-
tact for the duration of the tzn-minute test. The Hastelloy filament broke
after four minutes at 1200 C. Heating at tempsratures greater than 1000 C
produced a silvery metallic coating or. the surfacz of ths cartide in most
cases. This was especially evident on the specimen heated on Zircaloy.
Complete penetration of a 30-mil thick strip of Zircaloy-2 by a Juil black
reaction product cccurrei during heating at 1660 C for ten mirutes., A 1°-
mii strip of 3CLL stainiess ste:zl was also peretratei. but by a shiry
black product, gt a temperature cf 1300 C The other claddings all reacted
to form dull gray products wkien sesm <2 be lzsz rerfractory thar <he re-
acting metal.

Uranium dioxide appears to be ccapartitls with wurgsten av all Temperaturss.
Molter. U0 reacts rapidiy with tantal.m, %ut at tempera<urses less +han

2800 C the two appear tc be quivme compatibl:s. Mo_ybderim ices not appear *-
react appreciably with U02 at tsmperatures *c 2275 C. A U0p meral reaction
does occur at temperatures 1000 Lelow the mslting poin*t of all the other
claddings inwvestiga<ed, out crnly ir the cas= cf Fansteel B0 was it suffi-
ciently extersive <c prevern? removal of the Uls specimen from the cladiing
after heating. The Farsvs=l 8C strip brcke after tbkree minures, &5 seconds
at 2290 C, and <he UCp app=arsd ¢ rave reacm:1 almost ccmpletely.

Metallography ard azalyses of observed weign* changzs are axpecrted tc yield
more definitive irnformarion regariirng —heszs riacrions.
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High Temperature and Electron Microscopy

Reflection elzctron microscopy technigues were used to examine the cleavage
surfaces of a fused UO2 single crystal. The appearance and detail of the
micrographs were comparable to those of trarsmission replica micrographs.
The quality and information value of the reflection micrcgraphs appear to
be closely related to the nature of the surface examined and the applica-
tion of careful experimental techrique.

The UOp cleavage surface was also examined by high temperature reflection
microscopy. Initial examination revealed rno apparsnt changes after heating
at 1000 C for 20 minutes. Experiments to allow more detailed examination
to the present upper temperature limit of +the apparatus (approximately
1200 C) are in progress.

A miniature resistance heating furnace was selected as the most direct
approach for obtaining the desired 1800-2000 C in the electron microscope.
The proposed design, utilizing Lucalox ceramic supporting members and
tungsten grid and connecting wires, will allow removel of the specimen
from the vacuum chamber without disassembling the microscope. The optical
transmission characteristics of Lucalox ceramic should allow temperature
measurement by optical pyrometry. Direct beam heating to achieve tempera-
tures above 2000 C also may be possible. A desizn involving a grid bias
control and "telefocus" grid to control the specimen heating and the image
intensity independently is being considered. :

A series of exposure tests was performed with the hot stage of the optical
microscope using various types of black and white and colored still and
motion picture films. These tests will provide calibrations for the high
temperature microscopes when they are used as metallographs under various
lighting conditions. Royal Pan and Ectachrome were found to be most
suitable for still pictures; Kodachrome A was satisfactory for motion
picture microscopy.

High Energy Impact Formirg of UCc

A series of statistically-designed experimerts was performed in which the
effects of temperature, pressure ani Q/U ratio on the UQp dsnsitv attained
by high erergy impact forming were detzrmined. Density measuremer~z of the
compacted UQg are in progress.
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L. BASIC SWELLING PROGRAM

Irradiation Program

Constant temperature capsules No. 7 and 8, each containing three axially
split, hollow, uranium cylinders, were successfully charged into a
reactor and are presently operating at control temperatures of 500 C.
They will be operated at this temperature for a short period of time in
order to safely establish the "in-reactor"” operating characteristics of
the capsules and the contrcl instrumentation. The control temperatures
will be increased to 525 C and 575 C for capsules 7 and 8, respectively,
and remain there for the duration of the irradiations. It is not
anticipated that the small amount of burnup accumulated at the low
temperatures will significantly influence the ultimate results of these

irradiations.

A vacuum heat treating facility has been modified to allow annealing of
laboratory capsules containing uranium specimens identical o those
irradiated in swelling capsules. Five laboratory capsules have been
fabricated and will be subjected to the same thermal treatment as the
in-reactor capsules. Post-annealing examinations will be conducted in
order to determine the changes that have occurred with respect to geometry,
density, and microstructure. Comparisons will then be made between these
laboratory specimens and the irradiated samples.

Pore Size and Distribution

Optical and electron microscopy are being used as a direct means of deter-
mining the size and distribution of pores in irradiated uranium. Specimens
of 0.29 a/o and 0.41 a/o burnup which were annealed in an unrestrained

state at 400 C and 500 C for times of one hour and 100 hours have been
replicated and their microstructures have been photographed. Pore size
distributions are currently being derived from the micrographs. In
addition, a specimen with a burnup of 0.29 a/o was annealed for 100 hours

at 700 C to provide metallographic data on pore size distributions. This
latter heat treatment and metallography is a duplication of prior work, as
there were reservations concernirg the validity of the original observa-
tions. The swelling, A /{7, associated with the 0.29 a/o burnup specimens
( @ as irradiated = 18.62 g/cc) was found to be 0.021 and 0.035 due tc one
hour annealing at 400 and 500 C, respectively. The swelling associated
with similar specimens annealed at 400, 500 and 800 C for 100 hours was
found tc be 0.020, 0.028, and 0.092, respectively. Specimers utilized for
similar annealing treatments but representing burnups of 0.41 a/o ((F as ir-
radiated = 18.70) yielded the following fractional changes in volume: for
one hour annealing at 400 and 500 C,A¢( /P = 0.021 and 0.0L7, respectively.
Changes for 100-hour annealing treatmert at 400 and 500 C were 0.022 and
0.057, respectively.

Statistical treatment of pore size meacsurements permits estimaticn of the
fractional volume in the uranium which is occupied by pores, the pore void
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fraction (V.F.), and also the number of pores per unit volume, the pore
void demsity (V.D.). Assuming that the internal pressure of all pores is
exactly balanced by surface tension forces, it is possible to calculate
the number of gas atoms that are coptained in observable pores from the
pore distribution data. Values so calculated were compared with the
theoretical number of gas atoms that should be present on the basis of re-
ported burnup. A sample irradiated to 0.29 a/c burnup should theoreti-
cally contain 3% x 1 gas atoms per cc of uranium which is somewhat less
than the experimentally derived number, 51 x 1018 atoms/cc, for a specimen
annealed at 700 C. The discrepancy is undoubtedly due to errors in sur-
face tension and restraint values and errors in the experimentally derived
pore volume fraction and pore void density values. On the assumption that
all of the gas atoms are contained in observable pores after the 700 C
annesal and that errors associated with measurements after various annealing
treatments are alike, it can be irferred that 61% of the atoms are
accounted for in the as-irradiated state, 78% after a 600 C anneal and
91% after a 650 C anneal. This information is being correlated with
various hypotheses toc explain the agglomeration and growth of pores in
irradiated uranium and involves consideraticn of gas atoms in pores which
are too small to be observed by the techniques employed.

Fission Product Mobility

Uranium specimens are being examined that have had inert gas introduced
into the surface by "glow" discharge and U-U diffusion couples are being
examined that have had an appreciable amount of fissioning occurring in
one-half of the couple, but ndne, or at least very little, in the cother
half. Two NaK-filled capsules are at the MIR awaiting irradiation at
essentially ambient water temperature. Each capsule contains a single
specimen which consists of a slice from an extrusior which has a core of
depleted uranium and a skell of enriched uranium. One surface of each
specimen is completely precharacterized.

A uranium disk that was "glowed" in Kr and then heated in several stages
in the same system %o about 900 C was removed from the system, Lightly
electropolished, and reheated to its melting point in a new vacuum anneal-
ing system integrally connected tc the mass spectrometer. A maximum in
the Kr evolution rate was observed at about 400 C amounting to about

2 x 1013 atoms per second. No increase in rate was oks=rved when ths
previous maximum temperature of 900 C was exceeded.

Restrained Irradiations

Zircaloy-2 clad uranium fuel rods with selected urarium temperaturess,
cladding thicknesses, ard exposure are being irradiated in NaK-filled
temperature monitored capsules. Three swelling capsules, GEH-14-04,
1h-95, 14-99, are presently being irradiated in the MIR to various goal
exposures Exposures and average outer uranium temperatures for the fuel
rods in these capsules are respectively 0.18, 0.27, 0.29 a/c and 575, 500,
and 540 C. Seven capsules have now beer. discharged from the MIR and will
be examined in Radiomet during the succeeding months
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Radiometallurgy Laboratory Studies

The third NaK capsule containing an unrestrained uranium specimen irradi-
ated at high burnup has been opened and is being examined. Gross swelling
and distortion of the specimen had occurred (RM-28L). Results and inter-
pretations of these examinations will be reported in more detail in con-
nection with the development programs served.

IN-REACTOR MEASUREMENT OF MECHANICAL PROPERTIES

In-Reactor Creep Measurements

The in-reactor behavior of one second generation creep capsule showed that
certain weaknesses in the capsule had to be corrected before other capsules
in this series could be irradiated. Consequently, three capsules were
returned to the vendor's plant for modification. Emphasis was given to

the reworking of one capsule so it could be shipped ahead of the others.

The modification work on one capsule was followed at the plant by a labora-
tory representative until the capsule was completed and packed for shipment.

Upon opening the capsule in which thermocouples had failed during thermal
cycling, it was established that the failures were in a short section of
swaged oxide thermocouple extension lead. All the thermocouples in the
capsule have been replaced with heavy gege wire and alumina insulators
identical to those used in the successful prototype capsule. Another area
of concern in the modification work was the limited life imposed by using
unlubricated components in the mechanical extensometer system in the capsule.
It is generally known that lubricants suffer deterioration in a nuclear
environment, yet all attempts to use unlubricated bearings in reactors have
indicated that any lubricant, no matter how poor, is better than none at
all. Therefore, when the capsules were open, the best known dry film lub-
ricant was selected and used to lubricate the moving parts. A lubricant
composed of lead oxide ard graphite was selected as being the best for our
capsule. A special formulation was made for this particular case which
eliminated all organics that could decompose and contaminate the helium
atmosphere in the capsule. The mecharical extensometer after lubrication
exhibited a marked improvement in the smoothness of operation at room
temperature. The lubricant becomes more effective at temperatures near
500 F, which will be the operating temperature of the extensometer in the
reactor. During the modification of the capsule some material was removed
from certain areas in the capsule to obtain improved thermal characteristics.
Component tests during reassembly revealed a trouble spcot in the variable
permeance transducers. The temperature cycling had caused the cores of the
transducers to become loose on the gaging support, which would cause
erratic behavior of the transducer output. The cores were reaffixed to the
gaging wires in a way that thermal cycling will not loosen the cores. The
reworked capsuls was completely checked at the vendor‘s plant before
shipping. A further check will be made after arrival at Hanford before

the capsule is charged in the reactor.
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Capsule and Instrument Development

A review of the drawings, the materials and techniques of construction for
six third-generation capsulies has now been completed. The major difference
in the third generation capsules over the others is the attention paid to
simplification. Only one variable permeance <ransducer and one mechanical
extensometer are used. The two extensometers are cambined, however, so

that each may be used independently and either one can be used to calibrate
or check the other. The lnown system accuracy of the mechanical system of
the second generation capsule has now permitted a ten-fold reductior in the
ratic of the gear box within the new capsules. The ten-fold reduction irn
the gear box ratio, from 20,000:1 to 2000:1, should retain all the system
accuracy but require only one-tenth the operational time for obtaining the
readings. This reduction in operational time will greatly improve the life
of the mechanical extensometer system. The mechanical system will be proved
at the vendor‘s plant before installatior in the capsules. Further improve-
ments were made in the heat balance in the third generation capsules as well
as improvements in the ease of fabrication and assembly.

Pre-Irradiation Material Characteristics

Measurement of the activation energies for creep of annealed and cold worked
Zircaloy-2 at various temperatures and stresses has continued. Activation
energies were determined in the temperature range 300 to 350 C on annealed
material and 300 to 317 C on cold worked material. Values found in the
temperature range studied were within the experimental scatter of the
previously determined value of Al.4 K cal/mole.

Ao existing creep frame has been modified tc allow determination of acti-
vation energies as low as 1 K cdl/mole in the temperature range zero to
250 C. The modified apparatus will aliow determination of the activation
energy spectrum at temperatures below which only rough =sstimates of acti-
vation energies could be made by using conventional creep machines.

6. GAS-GRAPHITE STUDIES

EGCR Graphite Irradiation

The H-3-2 experiment contirues *c operare successfully in the GETR. The
capsule has teen in the reactcr for four cycles, but due *o two long shut-
downs fcr loop insvtallations, has receivei only two cycles of irradiation.
All but cne of the thermocouples are operating satisfacrorily .

EGCR Burning Experiments

Experiments conducted in tke EGCR turning rig demonstrated that silicon
carbide coated fuel sleeves greatly reduce the hazard of runaway oxidation.
Runaway did not occcur until graphite temperarures exceeded those expected
in the reacter by 100 C. All experiments were ccrducrted with a fuli scale
radial mockup cf ar EGCR fuel channel and with zxpected air flows.
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In the cases where runaway occurred two distinct causes were cbserved.
The more serious was a fuel sleeve failure in the vicinity of a joint
resulting from poor coatings or uncoated sleeve ends. In tnis case a
hole was opened from the fuel coolant channel to the moderator coolant
annulus. Air streams through the hole impinged on the moderator and
caused oxidation to proceed through the moderator block. Temperatures
began to rise at approximately 10 C/min and showed no indication of
stabilizing. Such a failure in the reactor would cause the fire to
spread to adjacent channels.

The second type of runaway observed was caused by a coating failure near
the center of an assembly in the fuel coolant channel. In this case the
sleeve did not serve as a heat sink for the section of moderator opposite
the burning spot. Temperatures increased at the rate of 1.5 C/min for

about 100 minutes, after which the rate decreased to about one-half this

value.

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

A preliminary estimate of approximately $6,500 was received from Struthers-
Wells to modify the pre-heater by reducing the amount of NaK contained to
a tolerable level (approximately 150 1lbs). A contract was awarded to
Struthers-Wells in the amount of $10,850 for the detailed design of a re-
moveble section type steel shield for the extermnal face of the gas loop

~ framework. It is planned to invite bids on the open market for fabrication
and delivery of the shield before July. '

Details of the Bristol-Siddeley blower shipment were discussed with

C. E. Wurr of the vendor's engineering staff. It was agreed to eliminate

the touch meter and internal thermocouples from the machine. Mr. Wurr
recommended 60-cycle starting, which can be done. In the event replacement

of rotor is required, the new assembly will require balancing with the impeller
on an air bearing machine (Gisholt 315). This probably can be done at

Boeing's in Seattle; however, Mr. Wurr foresees no difficulties in six

months of operation.

Component Testing

As previously reported, testing of the in-reactor test section has been
delayed due to failures of the internal electrical heater. Both heater
failures have occurred in the lower portion of the test section where the
clearance between the heater and test section is limited.  The repaired
heater, which is ready for installation, has beern shortened so that the
heater does not extend into the limited clearance section. The heater has
been successfully bench tested at 31 KW and reinstalled in the test section
mockup-
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7. GRAPHITE TRRADIATION DAMAGE STUDIES

ETR Grephite Irradiations

The GEH-13-6 irradiation capsule was installed in the N-1l4 position of
the ETR on March 14. This capsule contains seven sets of three samples
each. The temperatures of four of the seven sets will be controlled by
thermocouples and heaters. The remaining three sets will be operated

on gamma heat alone and have neither heaters nor thermocouples. The five
graphites included in the test are: CSF (Standard); "A" grade, a raw
coke graphite; 2T, a hot worked graphite; ARF-3, a furfuryl alcohol
bonded graphite; and 901-S, a special isotropic graphite.

Preliminary design has started on the GEH-13-8 irradiation capsule. The
purpose of this experiment is to obtain irradiation data at sample
temperatures of 200 to 600 C. Information in this temperature range is
needed to extend the high exposure data from test reactor experiments
down to exposures in Hanford test holes. The capsule will be irradiated
in the E-5 position of the ETR.

Hanford Graphite Irradiations

A veriety of experimental graphites is being irradiated in the Hanford
reactors at about 500 C to determine the relative effects of binders and
fillers on the dimensional stability. Petroleum pitch and furfuryl
alcohol binders are combined with conventional fillers. Korite coke, -
fluid coke, coal tar pitch coke, lampblack and anthracite fillers are
combined with coat tar pitch binder. Graphites proposed for sleeves in
"the HTGR and EGCR, as well as NPR core graphite, are being irradiated
simultaneously.

Scnic Modulus Measurements of Irradiated Grephite

The dynamic modulus of TS-AGOT and TSF graphite irradiated to 3385 MWD/AT
at 30 C was determined as a function of temperature to 2500 C by Armour
Research Pourdation. On each sample two heating and cooling cycles to
2500 C were run to determine the extent of annealing. Unirradiated con-
trol samples were measured to indicate the precision of the measurements.
The room temperature moduli varied with exposures as indicated in the _
accompanying table. Two samples were measured at each exposure. The dif-
ferences in modulus due to irradiation to different exposures is statis-
tically significant orly at the 90% confidence level.

SONIC ELASTIC MCDULUS OF IRRADIATED GRAPHITE
SAMPLES AT ROOM TEMPERATURE

Graphite Type Exposure Elastic Modulus x 106 psi
TS-AGOT Unirradiated 0.678, 0.665
TSF 189 MWD/AT 0.720, 0.720
TS-AGOT 2471 MWD/AT 0.695, 0.740
TS-AGOT 3385 MWD/AT 0.625, 0.67C
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The effects of annealing were small. Only the samples irradiated =o 2741
and 3385 MWD/AT displayed a lower modulus at the start of the second run.
However, there was a noticeable difference in the character of the modulus
versus temperature curve, with the greatest differences appearing at
higher temperatures.

Irradiation of Pyrolytic Graphite

An initial short irradiation (130 MWD/AT) of pyrolytic graphite at 500

to 600 C revealed a distinct difference in the behavior of as-deposited
material and material annealed at temperatures ranging from 2200 to 3000 C.
As-deposited material expanded about 0.2% in the direction parallel to the
layer planes, whereas the annealed material did not expand. Upon continued
exposure this distinction has disappeared. Both as-deposited and annealed
samples expanded about 0.4% after 2100 MND/AT. In addition, some samples
were large enough to measure transverse length changes. After 1930 MWD/AT
an expansion of 0.3% occurred. Thus, there is a reduction of about 1% in
bulk density upon high temperature irradiation to 2000 MMD/AT.

Irradiation of Explosively Compacted Graphite

Samples of explosively compacted material made from natural flake and from
ground nuclear graphite were irradiated at 500 to 600 C to 1930 MWD/AT.

The original bulk density of the natural graphite compacts was 2.12 g/cm3.
After irradiation an expansion of 0.9% was noted in the transverse direction
and a contraction of 0.2% in the parallel direction. In contrast, nuclear
graphite compacts with an original bulk density of 1.9 g/cm3 contracted
about 0.07% in both the transverse and parallel directions.

Electron Microscopy Studies

Comparison of cathodically etched and as-polished graphite surfaces by
electron microscopy has shown that, although cathodic etching reveals a
network of microcracks, the surface between cracks is left smooth and

more difficult to interpret than the small oriented platelets present on
unetched surfaces. Oxidation will be combined with cathodic etching in an
attempt to reveal the orientation of structure between microcracks.

Metallography Studies

Work on a technique to improve replica contrast of porous materials was
initiated. The conventional shadowing technique obscures much detail with
a material such as graphite because long shadows are cast by replica
material stripped from pores. The technique under study would leave no
shadows and allow observation of areas in or near pores. A thin film of
liquid epoxy resin is applied to a carbon replica prepared in a conven-
tional manner, with the exception that no heavy metal shadow deposit is
applied. The liquid resin seeks a level on the contoured surface of the
carbon. A variable resin thickness results which will cause a variation

in electron scattering. The application of the resin to one surface of the
carbon will result in a positive replica, whereas application to the opposite
surface yields a negative replica. Japanese investigators have pioneered
this method on other materials with some success.
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8. SUPERCRITICAL PRESSURE WATER REACTOR STUDY

The conceptual design and economic evaluation of a 300 MWe Supercritical
Pressure Water Reactor continued with studies directed toward defining

the more detailed aspects of the power cycle, fuel element design, reactor
control, and equipment layout.

Moderator Heat Utilization

Heat generated in the moderator by nuclear reaction and absorbed by the
moderator through transfer from the fuel elements may be as high as 10%

of the total thermel output of the reactor. Effective utilization of this
heat for feedwater heating is, therefore, an important consideration. If
the heat in the moderator represents no more than approximately six per-
cent of the total power, nearly all of this heat can be recovered and used
to preheat the feedwater. Any quantity of heat in excess of six percent
can be used only partially, with about 1/2 percent reduction in over-all
thermal efficiency for every one percent heat generation in excess of the
base six percent.

The most effective method for conserving the moderator heat is to directly
feed the moderator into the feedwater cycle. This method was originally
incorporated into the power cycle. However, concern about severe contam-
ination of the primary system upon fuel element failure (blowout of a
pressure member) into the moderator led to separating the primery and
moderator systems. In addition, the desirability of moderator poisoning
for coarse control of reactivity resulting from burnup and other slow
transients has been under consideration. Where boron is used, a direct
moderator feed to the feedwater cycle is, of course, prchibitive. For
these reasons the power cycle has been revised to regeneratively transfer
some of the moderator heat to the feedwater in a heat exchanger. A second
heat exchanger to lower the moderator temperature further is also required.
Tentative sizing indicates both heat exchangers to reguire about 19,000
square feet of heat transfer area if heat in the moderator is 10% of the
total reactor heat output.

Turbine Bypass System

A turbine bypass system is necessary during rapid or slow startups and
shutdowns. During the operation of the bypass sys+tem, close proximity

of normal temperature must be maintained throughout the cycle to prevent
thermal shocks or overtemperature conditions irn the reactor components.
The most difficult condition appears to result from turbine stop valve
trip followed by reactor scram. 1In such an event the bypass system must
progressively reduce the pressure and temperature of the fluid leaving
-he last pass of the reactor to provide heat sink media in the reheat
neat exchangers, and yet maintain steam at appropriate pressure and
temperature for the feedwater heaters and for the turbine-driver feedpump.
Simultaneously, the pressure and temperature reduction must correspond Lo
the reactor flow reduction which must follow the reac-or power decay
relation.
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As a result of these considerations it is proposed tc utilize several
bypass valves, pressure reducing devices, and desuperheaters in the
turbine bypass system to regulate the pressure and temperatures. Be-
cause of the speed of response necessary, some compromise may be neces-
sary. This area appears to be the main problem in the supercritical
pressure water concept from the power cycle standpoint.

Equipment Sizing and Cost

Preliminary specifications for the reheat heat exchangers, feedwater
heating system, condenser, and pumps have been submitted to various
manufacturers for sizing and cost information. To date, information has
been received on the condensers. Vendors' recommended sizes for the service
have been essentially similar to preliminary calculations. For a meximum
cooling water temperature of 75 F, the surface condenser will require
170,000 square feet of area to maintain 1.5" Hg absolute pressure. On

the basis of an average cooling water temperature of 57 F, the surface area
requirements will be 110,000 square feet.

Fuel Element Assembly

Work continued during the month on optimization of the fuel element
design for the "inverted cluster" element. The U-tubes carrying the
coolant, initially 26 in number, were decreased to 18 to provide a more
favorable fuel-to-tube metal ratio and to ease fabrication problems.
With the 18-tube cooling array, power densities on the order of 20 mega-
watts per ton of uranium appear feasible.

One of the basic quantities which must be assigned in a power reactor
study is the design value of the heat flux to the coolant. For a given
fuel design, this value determines the specific power (MW/T) and hence
the core size. 1In most reactor concepts the value is assigned by deter-
mining the burnout heat flux (about 1,000,000 Btu per square foot per
hour for many reactors) and taking a factor of two or three for safety
and unknowns. For supercritical water technology no burnout limit has
been determined, indeed if one even exists. However, there does exist

a phenomenon called the "whistle effect", which, while the consequences
of it appear to be an entirely different order of seriocusness from
burnout, does produce pressure fluctuations and vibration (about 1500 to
2500 cps). Because of the limited data on the "whistle effsct", a factor
of two on the estimated "whistle effect" region in the Supercritical
Pressure Water Reactor has been assumed, resulting in a design heat flux
of 750,000 Btu per square foot per hour. This results in a reactor
average heat flux of about 200,000. Definition of the magnitude and
location of the "whistle effect" represents, perhaps, the most signifi-
cant barrier to fully exploiting supercritical cooling technology.

To provide a reasonable distribution of the heating load over the fuel
elements, circulation of the coolant through the reactor in three passes
has been selected. These passes will be:

UNCLASSTFIED
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(1) Pirst Pass: Inlet temperature 540 F, outlet 805 F.

(2) Second Pass: Inlet 805 F, outlet 1050 F.

The exit coolant from the second pass will be led to the steam
reheat exchangers returning at 805 F for the third pass.

(3) Third Pass: Inlet 805 F, outlet 1050 F.

The effluent from the third pass will be fed directly to the
turbine.

The first pass will represent approximately half of the total heat load.
Tubes carrying "first pass” coolant will be concentrated in the central
zone of the reactor, whereas the "high temperature" passes will comprise
the lower power fringe tubes. It appears that an average pressure drop
of about 200 to 250 psi per pass will be encountered at projected opera-

ting levels.

Reactor Control

To realize the high exposures (approx. 20,000 MWD/T) desired from the fuel,
it will undoubtedly be necessary to introduce a variable reactivity factor,
either by introducing a burnable poison into the reactor loading or by
utilizing a variable-density soluble poison in the moderator. One
interesting possibility being considered is the division of the moderator
tank into zones by partitioning and controlling the soluble poison content
of each of the three temperature zones. Such an arrangement would permit
tailoring of the poison content to the reactivity of the individual zone
and should permit extension of fuel operating life without accentuating
flattening problems.

“Gray” control rods would then be used primarily for short-term reactor
control, with strong safety rods interspersed in the fuel pattern for
shutdown. .

Work continued on the layout of the SPWR site and reactor building. The
layout of the control, office, and waste handling areas has been completed.

The waste handling system flow diagram and the first draft of the systeﬁ
description were completed. A cost estimate for the system is being pre-

pared.

Work continued on the refinement of the SPWR unit cost of producing power.
While the costs remain quite competitive, sufficiently detailed analyses
" have not been made to set a power generating cost.

UNCLASSTF IED
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9. ALUMINUM CORROSION AND ALLOY DEVELOPMENT STUDIES

Metal Growth During Corrosion

The relaticnship of dimensicnal changes and film growth is being determined
for Zirceloy-2 and for the aluminum alloys X-8001 (1% Ni, 0.5% Fe),

1245 (99.45% Al), and an experimental aluminum alloy containing 1.5% Fe,
1.5% Ni. Sample thickness from two to 62.5 mils is being tested.

For the two-mil aluminum foils the dimensional increases seem to have a
linear relationship to weight gain in the early part of the test, after
which the growth rate decreases. The heavier aluminum foils show no dis-
cernible growth during the first part of the test, but at a given film-
thickness to metal-thickness ratio growth becomes detectable. There is an
indication that the corrosion rate may also increase at this point, but
this is not yet conclusive. The Zircaloy foils have shown no growth up to
a weight gain of 11 mg/dme.

D. RADIATION EFFECTS QN METALS - 5000 PROGRAM

Radiation damage recovery is being studied for a number of metals, namely,
copper, nickel, titanium, zirconium, iron, and type 347 stainless steel.

Isothermal annealing of zirconium, iron, nickel, and copper was continued
during the month. A series of isothermal anneals was begun to determine
the kinetics of yield strength recovery in irradiated zirconium.

Analyses of tensile tests on irradiated iron have been made using two tech-
niques: (1) increase in upper yield stress with increasing exposure, and

(2) separation of radiation hardening into lattice and source hardening.

The contribution of source hardening appears to decrease with exposure and
increase with interstitial impurity content. The amount of radiation harden-
ing increases with decreasing interstitial impurity content and reaches sat-
uration at increasingly higher exposures as the impurity content is decreased.
The interstitial impurity atoms are obviously acting as trapping sites for
point defects. In the material of highest purity, fewer trapping sites are
available and the radiation-induced defects migrate to other sinks such as
grain boundaries and dislocations. Anrealing at temperatures suitable for
freeing trapped defects results in an increase in the source hardening.

This is reasonable if one considers that only "fresh" dislocations are moving
under the applied stress.

A similar treatment has been applied to tests of Type "A" nickel. After
initial yielding, a specimen exposed to 3.6 x 1018 nvt was unloaded and
immediately reloaded, resulting in a decrease in the amount of source
hardening. After aging for one hour at 200 C, the source hardening was in-
creased by 2000 psi; upon unloading and immediate reloading, the source
hardening decreased by 1500 psi.

UNCLASSIFIED
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Strain-rate sensitivity tests are being conducted on irradiated and un-
irradiated titanium in an effort to determine the effect of neutron damacs
on dislocation velocities. An irradiated specimen with an exposure of

1.0 x 1017 nvt was strained 0.5% at a strain rate of 0.02/min. Thern the
rate was instantaneously changed to 0.002/min. This cycle was repeated
several times. The same procedure was followed on an unirradiated specimen.
The coefficient of strain-rate sensitivity was 0.024k to 0.028 for the
irradiated specimen and the strain-hardening exponents were the same at
both strain rates. The unirradiated specimen, Lowever, was more sensitive
to an increase in strain rate than o a decrease, due tc a lower strain-
hardening exponent at the lower strain rate. The coefficiernts of strain-
rate sensitivity were 0.018 to 0.Cl9 for s decrease in strain rate and
0.021 to 0.024 for an increase in strain rate.

E. CUSTOMER WORK

Radiometallurgz Service

Examination of the female end cap of ar IGE hole failure revealed a pocket
of UO2 under the cap and a pocket of UQp extending one inch down the element
under the outer cladding. A large void in the AlSi was found around the
outside edge of the cap. From the observations it is believed that the
defect was in the female weld, although the exact point of water entry was
not found (RM-417).

A natural uranium, I&E production element rupture from 3781-H failed by
splitting longitudinally. Examination *o dats nas indicated that prior

to splitting the cladding was penevrated at the upstream end by uniform
corrosion and an oxide pocket formed ir the uranium. The urarium corrosion
products displaced the cladding ard reduced the coolant annulus on the top
side of the element. The aluminum corrosion product downstream from the
blister indicates that the surface Temperdaturs was art least 350 C (RM-L420).

A side failure which cccurred ir tube u173-H was examined this month It
appeared that melting of the claddirg had occurrad. A detailed sxamination
revealed that the failurz resulted from ware- renetratiorn of the cladding
in the maximum temperature zone of a "hot spot" Water and/or vapor under-
cut the cladding displacirg vthe ciaddirg over a large ar<a around the

éntry site. The appearance of *he claijding iid neot indicate that melting
had occurred (RM-422}.

Results and interpretaricns of these examinaticns will be repcrted i more
detail in connection with the development programs served.

Metallography Service

A metallcgraphic examiration of = shors zectior cf the KER-. carber steal
loop has revealed nc crackirg such as ernccuntersd recently 1n *he stainless

steel loops of KER. Thae :ame localized area whers crackinZ cccurred irn the
stainless steel was examired ir the case of the carbor ste=.

lzzqqab UNCLASSTFIED
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The gas pressure bondirg technique for NPR fuel element closures has been
under study by FPD's Materials Engineering Operation. Initial work pro-
duced incomplete bonds which were found to be the result of improper
cleaning before assembly. Techniques used recently require that the com-
ponents be cleaned by vacuum cathodic etching. Metallographic examinations
of pieces assembled after cleaning in this manner have shown that complete
bonding occurs alcng the cap-to-uranium interface, but only partial bonding
sometimes results between the cap and can wall. This partial bonding is

. caused by incomplete removal of what appears to be zirconium oxide from
the mating surfaces.

Samples Processed During the Month:

Total Samples 624
Replicas 58

Photographs :

Micrographs 566
Macrographs 217
Electron Micrographs 195

978

VBWR Control Rod Review

The technical review of the Vallecitos Boiling Water Reactor control rods with
respect to the possibility, probability, and circumstances which could lead
to nine control rod "shoot-out" incidents was completed. It was the opinion

of the reviewers that a control rod shoot-out incident was credible (defined
as a probability greater than lGﬁ'to 10-7 per reactor lifetime). Further,

it was the reviewers®’ opinion that the present control rods could not be
modified (without essentially rebuilding them) to place a shoot-out incident
in the incredible range. It was their recommendation that certain interim
modifications be made to the rods until new rods could be designed, fabri-
cated, tested, and installed on the VBWR {(about two to three years’ time).

Pebble Bed Reactor Study

The review of the ORNL desigr study was completed on March 17, and sent to
the AEC. A formal document will be issued in the near future. The PBR
concept was found to be technically feasible. However, the optimized unit
cost of producing power appeared somewhat high, 8.0 to 8.5 mills/kwhr, when
compared to the competitive cost area of 7.0 mills/kwhr or below. It was
recommended that a more detailed study of the concept be performed in order
to better predict the power cost. The technological problem appeared to be
‘development of a reliable fuel hall for the exposure conditions established.
An R&D program to develop *his reactor concept would cost approximately
twenty-three million dollars and require at least eight years to complete.
Included irn the program would be the eventual construction and operation of
small prototype pebhble bed rszactor.

UNCLASSIFIED
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NPR Charging Machine

Fabrication and assembly of the NPR Chargirg Machine is estimated to be 35%
complete.

Status of individual components is as foliows: rail assembliss are complete;
the cross travel drive sub-assembly is complete; transfer arm sub-assemblies
are 90% complete; modified main frame ccmponents are complete and their
installation is 50% complete; idler roller assemblies are 40% complete. The
hydraulic power package has been installed in the cross travel drive assembly
and installation of the hydraulic piping is 15% complete. Two console

mockup units built of wood were completed.

Design of the magazine support to bridge "C" elevator is complete except for
the nozzle and connection. A prototype btalancer is being furnished by a
vendor for investigation. Design of the adaptor, end plug arnd free piston
for the magazine is complete and comment prints are scheduled for issue at
month's 2nd. Tests on optimum magazine end taper and materials and on check
valves were completed. A six-degree taper will be used.

NPR Bellows Testing

Spring rate was measured on all bellows. Of ten bellows tested to date, five
were satisfactory to 5000 cycles and five failed. Two failures were attributec
to flexure, two to galling by <the shroud, and one to vibration. -The preser
design is susceptible to failure from galling between *the bellows and the
shroud.

PCTR Hot Water Loop

Scope design of this high pressure (1500 psi), high temperaturs (572 F)
facility has been completed and delivered to W. P. Stinsomn.

Shielding for Fuel Recycle Pilot Plar=

Shielding calculations were started for the Fuel Recycle Pilot Plart projsct
proposal at the request of Facilities Engineering Operation. Preliminary

planning layouts have used four feet of heavy aggregate concrete for shield-
ing. TIritial dosz2 rate calculaticns for the case of a criticality incident

indicate that a *thinrer shield may be us=4.

Marager, Reactor and Fuels Research
and Development

FW Albaugh:kbt
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FISSIONABLE MATERIALS - 2000 PROGRAM

REACTOR

Exponential Measurements for NP Reactor

The material buckling has been measured for the condensed N-Reactor lattice
loaded with dry natural uranium fuel elements 2.3" x 1.8" and 1.1" x 0.5". 6

The lattice spacing is T7.56 inches. The preliminary buckling is -1T8 x 10~ cm™2.
Estimated extrapolation lengths of 1.0 inches side-to-side and 0.8 inches front-
to-rear were used in calculating the preliminary buckling.

Fast and thermal extrapolation distances into the control rod with water coolant
have been calculated from the results of exponential measurements in the NFR
mockup. The fuel elements were 0.346% enriched uranium with HpO coolant. The
control rod was placed in the center of the mockup. The thermal extrapolation
distance derived was 5.35 cm and the fast extrapolation distance was 18.02 cm.

As a comparison, the calculated thermal and fast extrapolation distances into
the control rod as reported in HW-684L07 are 6.06 cm and 15.64 cm, respectively,
for the NPR mockup exponential pile.

NPR Fuel Temperature Coefficient

A large error was made in computing the normalizing constants that went into the
temperature coefficient reported last month. Re-examination has shown that the
temperature coefficient of ko should have been larger by a factor of (2.238).
The corrected result is

Ak -
lga!r = - (1% 0.07) [(5.26 t 0.2) x 10 5. (2.55 £ 0.4) x 108 ¢ (°K)]

The above relation is valid over the temperature range from 24°C to 968°C, but
neglects the effects of volume changes at the phase transition temperatures.

The step-changes in reactivity due to volume expansion at constant temperature

when the uranium passes through the ¢ — B and f —)7 phase transformations can

be expressed in terms of unit functions, U(Ti—Tj), and appropriate multipliers.
p(T) = of(T) + BU(T4-Tog) + YU(T;-Tg 7)

The unit functions, U(Ti-Tj), are defined as follows:
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A new method of analysis has been developed which yields the change in k, direcui.,
as a function of fuel temperature, in terms of the observed reactivity changes.

Ka(ly) = k(o) * R [af(Ty) + BU(Ty~Teg) + 70(T3-Tg7) |
or
Ba(T) = R [af(Ty) + BU (Ty-Tog) + 70(Ts-Ts,)]
1

The function f(T) has been chosen to be (T%QTg), following the suggestions of
Kbane(l), Vernon(a) and others.

Evaluation of the above equation in terms of the measured quantities leads to the
following:

1
N (T) = - (1% 0.07)(2077) [(1.79 £ o.05)(T§;T§) + 0.81 U(T{-960)
' + 0.57 U(Ti-l‘O90):,
vhere T is in °K.

The arguments of the unit functions are selected to correspond to the average
fiel temperature at the time that the entire fuel element had made the particular
phase transition.

The leading term, (1 = 0.07), represents the maximized uncertainty due to flux
and adjoint flux mismatches. The uncertainty on the term (1.79 £ 0.03) is
based on the variance of the fitted data. The uncertainties on the coefficients
of the unit functions are estimated to be about 2%.

Neutron Spectrum Studies

The power series representation of the Hurwitz H-function has been programmed.
This program has been incorporated into ACE as one of its eight subroutines.
Resonance integrals of the lutetium isotopes for neutrons with energies below
the cadmium cutoff have been recalculated using the new subroutine. For neutron
temperatures below 600°K, the ratios of epithermal resonance integrals to epi-
cadmium cadmium integrals were within < 1% of those calculated previously wl*h a
polynamial fit to the curve printed in the Hurwitz paper.

Resonance integrals were calculated also for the Pu-239 and U-235 fission cross
sections with the Hurwitz function. The results of these latter calculations
will be used to compare measurements of the spectral index in the TTR as deduced
fram lutetium, plutonium, and uranium foils.

(1) A. Keane, B. E. Seale, AERE R/M 224 (1959), An Investigation of the Tem-
perature Dependence of the Doppler Coefficient in Natural Uranium Lattices.

(2) A. R. Vernon, NSE 7, 252, (1960).
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neen activated ir the TTR thermal column for the

ters for spectral index measurements. The foils

ta are teing analyzed. This calibration woerk was
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Optimization of Retuked C-Pile Latticze

Ail -components for the C-pile mockup exponential pile are either received or

on order. An 8' expcnential pile will be constructed for safety rod measure-
ments with otk standard and overhored fuel. Machining of graphite for use with
standaré fiuel ras been compieted. Machining of gzraphite fir use with overbored
fuel is atout 50 percent ccmplete. Five zundred fifty-four pieces of the new
erriched I & E fuel kave been rsceived.

Lattice Parameters for Large Diameter Fuel Elsments

Several hcorizontal traverses have keen taken irn the #-Toct expcnential piles.
Tke data hare been analyzed to cotain side-tco~zide extrapclation lengths, *.
A comrariscn between the values of A cbtained using fast and thermal source
theory is shown ir Table I.

TABLE I

trapclaticn Length Comparisons

el A A ) Lattice
Element Thermal Source Fast Scurce Spacing
2.5 x 1.6 vet 2.3 1.1 12 3/8
2.5 x 1.6 &ry 2.4 1.8 "
2.5 x 1.6 wet 2.0 1.4 .
with 1.17
2.5 x 1.6 ary 2.4 .7 "

with 1.17

The A's calculated with fast source theory are more reascnahle than those cal-
culated with thermal scurce theosry. It is arrareat that fast saource vheory,
which is mcre nearly correct, should he issd whenever wihs neITrOM SCOLTTES are
clusterel anout tre tile centeriine.

tions necessary in

A 7090 program was written tc perform many of the zalo
re 32 ctlons, and reactivi-

deriving lattice parameters from foil activities, or
ties.

y;F

r with a /v 2ross secticn 13 needed for asurements. Exrerimeats

r sandwicreu indicated “nat the rezcnance flux corwlld not e adequately

ithout wery large ctpper tol:ikmesszes, Sciiux is a geod pessibility if
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pins were made in the same manner that lutetium pins have been made. The powdea
is mixed with a hydrocarbon resin and molded in a glass tube. Foils have also
been mede by molding the resin-powder mixture between glass plates.

New foils are being prepared for the dual chamber that will be used for the
standardization of € measurements.

A measurement of k, and f for a 1.66" fuel element in a 63" graphite lattice
has been designed. The results will be used to check calculations and buckling
measurements for very hard neutron spectra.

Digital Camputer Programs for Reactor Analysis

Development of HFN, the multigroup neutron diffusion theory code, is continuing.
Newly added features which have been debugged by being used on at least one cam-
puter run are: .

1. Criticality Search - a single diffusion parameter is varied in an
attempt to make the calculated multiplication equal to same input
velue, .

2. Material Mixing - a hamogeneodus mixture of as many as ten different
materials from the cross section library may be specified for any
region.

3. Flux Convergence - the convergence criterion used to terminate
the iteration process may be based on the fractional change in
group flux at each point. Previocusly, only the multiplication
factor could be used as a basis for the convergence test.

The option which allows partial suppression of output has not been tried. A bug
has been located in the section of the program which calculates theoretical
detector traverses, but has not yet been eliminated.

FIT-1, the few group neutron diffusion theory code for analysis of experimental
detector traverses, is being readied for a final report. Improvements in output
formats and error computations have been made. The input data for a test case
for the report have been gathered, but have not been run.

Computational Programming Services

INELASCAT, the code which processes inelastic scattering data from the three-
axis neutron spectrometer, is operating on a production basis. All revisions
and additions thus far requested have been completed.

An informal report (HW-68858) has been issued which describes the changes made
at Hanford to the Los Alamos generalized least squares program. The program
decks have been put into the SPL in T13 Bldg., and are available for general
use.

1220692
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Instrumentation

Two prototype experimental scintillation combination quasi-logerithmic and multi-
range linear beta-gamme ares monltors were completed and initially tested. The
units are transistorized and use a chopper input. The available quasi-logarith-
mic range is 1 mr/hr to 100 r/hr, and the four linear decade ranges are 0-10
mr/hr to 0-10 r/hr. The original breadboard circuitry performed continuously for
Zé-months with no accumilated drift errors and with day to day reedings varying
by less than * 10 percent of the true reading. The two prototypes are now in
condition for complete evaluation tests. The units, if successful, will be
applicable to all plant area-type monitoring problems, including NPR.

The prototype transistorized NPR Beta-Gamma Scintillation Air Monitor was re-
turned to field service after installation of a new ruggedized meter-relay.
Operation to date has been satisfactory.

Specifications were campleted, in cooperation with Instrumentation Design, CE&UO;
for the slow scan portion of the NPR Fuel Rupture Monitor. The specifications
were issued for comments.

The fast scan table and slip-ring assembly for the experimental Fast and Slow
Scanning Type Fuel Failure Monitor operated continuously for one month without
trouble. Slip ring noise level measurements are being periodicelly made, and

to date, no variation fram the initial 50 microvolts peak-to-peak level has been
noted. Experimental circuit development continues.

Work is under way towards determining the possible effect on NFR Fuel Rupture
Monitor sensitivity due to fission products introduced into the coolant by
uranium surface contaminetion on the fuel. Design was completed for two light
pipes and associated light-tight bax and necessary electronic equipment for
experimental investigations of uranium contamination on the outer surfaces of
NFR fuel elements by alpha detection. It was calculated that levels of less
than 0.010 pgm/c:m2 can be detected on the element surfaces.

A specification (HWS-812T) was prepared for Instrument Development, IPD, con-
cerning a chamber-cable assembly for use as a reactor high level flux monitor.
In this case, a unified cable-chamber assembly with no cable connectors was
proposed. Technicael advice was rendered concerning the Intermediate Range
Period Monitors, and technical guidance was rendered concerning improvements
to the gamma type fuel rupture momitor (CGI-904). In addition, a guide for a
general specification was prepared concerning the procurement of replacement
fission counters for subcritical neutron monitors.

Advice was rendered to Instrumentation Design, CE&UO, concerning technical as-
pects of the NPR nuclear instrumentation procurement.

Tests were performed to determine the extent to which emittance affects the
output of the radiation ratio pyrometer being developed for reactor graphite
temperature measurement. FPD's pyrometer was used for the tests, and the
indication of this pyrometer and a silicon solar cell pyrameter were compared
to that of a thermocouple for specimens of Zircaloy-clad and bare uranium
elements. The silicon solar cell pyrameter shifted calibration as expected,
since it is a brightness pyrometer and is sensitive to the difference in
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emissivity between Zircaloy cladding and bare uranium. The calibration of the
radiation ratic pyrometer did not shift either from drift over a one-month
period or from difference in emittance between the twc types of specimens.

Systems Studies

Work is continuing on the NPR plant simulator. The purpose of this simulator
is to provide a reactor model for the supervisors and operators. This model
will allow interested personnel to investigate the behavior of the reactcr under

actual operating conditions.

The NPR secondary loop study has been ccmpleted for the present. The study con-
sisted of transient and stability analyses of the entire secondary system. The
analog representation of the system includes the secondary side of the primary
heat exchangers, the dump condensers, the surge tank, and automatic control for
the heat exchangers, dump condensers, and surge tank. Lack of non-linear analog
equipment dictated the use of linear approximations to parts of the system.

Almost the entire system was simulated on the GEDA computer. The first analog
studies were of the secondary system as proposed by Burns and Roe; this system
exhibited a marked instability. Stability was consiferably improved by increas-
ing the size of the surge tank by a factor cf four. Further stability was attain-
ed by removing the dump condenser reset control. In an effort to utilize the
desirable features of reset control without undue instability, a low reset value,
around 0.0l, will probably be used. It is expected that IPD will initiate further
analog study of the secondary system scmetime in April or May, 1961.

The computer program for the speed of control of the cld reactors is presently
being reorganized to more efficiently use computer time. The computer circuits
are being redrawn to conform to the present circuit being used. The installation
of new equipment will allow the entire problem to be run on the EASE camputer;
i.e., it will no longer be necessary to use both camputers to solve the problem.
All arbitrary functions used in the problem are being tabulated and filed for
easy access to the computer. Test cases will be rin tc cut down the checkout
time on the computer. These improvements will reduce <he computer time invclved
and the cost.

The EASE analog computer was used to simulate a two-zone reactor control system
in an attempt to determine the behavior of a reactcr subjected to zone tempera-
ture contrcl. The control system consists of a sampling device which measures -
the outlet water temperature in each zone pericdically. campares this tempera-
ture to a reference, and if the error is greater than a predetermined value,
moves the zone contrcl rod a fixed distance. The effects of “he fcllowing param-
eter changes were studied:

(1) Sampling period

(2) Rod travel per sample (when a correcticn is needed’
(3) Error limits (dead “and)

(4; Relative "worth" of the two ends of *the half rod
(5) Cross coupling between the two sections.

In general, the study shcws that stable zontrzl ~f each zone temperature is
possible with relatively lcng sampling pericds {one minute, or less). However,
the quality of control is improved by decreasing the sampling period and reducing

12294994
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the amount of rod travel per sample. The amount of rod travel needed (per
sample ) depends on the magnitude of the largest expected disturbance, the samp-
ling pericd and the maximum allowable temperature, or power level, deviation.
Details of the test results will be contained in a forthcoming report.

A reacter control test was made at 100-D reactor in which control logic similer
to that used in the above simulation was carried out by the pile operator.

Four of the six outlet temperatures normally recorded on a six-point recorder
used by the -pile operators were used to control four of the long control rods.
The four temperatures used for control were chosen to represent temperatures
near the four corners of the reactor (in the front face plane). The other two
points represented the center sections of the reactor and, for the 1nitial test,
these temperatures were allowed to change in absolute magnitude as long as they
were approximately equal. A half rod was moved 1f these two points tended to
drift apart. Total power was allowed to drift within a predetermined dead band,
but if the band limits were exceeded, the temperature setpoint was moved in 0.4°C
steps as required to bring total power back within the limits.

Using this ccntrol philosophy, four different tests, each approximately two hours
duration, were made on the 100-D reactor. Sampling periods of 48 and 96 seconds,
and rod movements per sample of one-half and one inch were used. In each case
stable operation was obtained and very few total power or half-rod corrections
were necessary. For example, in the test using one-half inch rod movements and

a one minute sampling period, neither type of correction (total power nor half-
rod) was needed over the two and one-half hour test periocd. The tests using one
inch rod movements yielded slightly larger deviations in power but the control was
very stable. Additional reactor tests of this type, but including a larger num-
ber of control zones, are planned for the first week in April.

SEPARATIONS

Plutonium Critical Mass Facility

Further pre-startup tests, which need to be made on the solution system prior to
comnencing criticality experiments, are in progress. These tests were delayed
during a portion of the month because of the late delivery cf stainless steel
valve replacement parts for the valves to the suction header in the mixing hood.
The required valve parts were received on March 16, and following installation
of these parts, the pre-startup check out of the soluticn system was begun.

The liquid level indicators of the storage and mixing tanks are currently being
calibrated. The liquid level mancmeter for measuring sclution levels in the
critical assembly vessels is undergoing tests.

The fast addition pump for the critical assemblies and the transfer pump are
werking satisfactorily with one exception; there is toc much leakage at the
packing glands. The metering pump, for making small fuel additions to the criti-
cal assembly vessels, operated satisfactorily, but scme difficulty was encoun~
tered in priming which has not been resclved.

Constructicn was begun on the mechanical components of the split half machine
which will be used for the conduct of criticality experiments with PuOp-plastic
mixtures. The design of the electrical components fcor the machine has progressed
slewly because of a lack of gqualified personnel for this work.
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Development of Nuclear Codes for Criticality Calculations

The modifications to the HISMC code (A Monte Carlo code to study the behavior
of neutrons in homogeneous systems) have been completed. These modifications
were described in the February monthly report. An initial run on the code with
100 histories indicated that the running time would be prohibitive. The sources
of the time-consuming operations were determined fram a camparison of the code
before and after the modifications were made. Several programming changes were
undertaken which should speed up the code considerably. The code is now ready
to be reassembled.

The subroutines which were missing from the AIM-6 multi-group diffusion code,
when received fram Atamics International, have now been obtained. The AIM-6
multi-group diffusion code has several advantages over the 9-Zoom code, namely
a criticality search option, and the fact that the code is written in Fortran,
which makes modifications simpler.

Copies of two codes of major interest were recently receilved from Atomics Inter-
national. These codes are: 1) TEMPEST and 2) FORM.

TEMPEST is a neutron thermalization code, written in Fortran for an IRM-T09.
This code will provide either microscopic or macroscopic cross section averages
over the thermal neutron spectrum based upon the following: 1) Wigner-wilkins
appraximation for light moderators, 2) Wilkins approximation for heavy modera-
tors, and 3) a Maxwellian distribution.

FORM is the Fortran version of the MUFT-4 code, i.e., a Fourier transform slow-
ing-down code. The code will generate a S5h.group flux spectrum and provide up
to 24 few group constants for a few group code.

Critical Mass Calculations for Hamogeneous Pu02-B,0 Systems

A series of critical mass calculations pertinent to nuclear safety were comp-
leted during the month. The systems considered were Pu0y-Hy0 mixtures of
various compositions. The PuOp was assumed to have a theoretical density of
11.4 gm/cc. The HyO density was taken as 0.99 gm/cc. The campositions of the
systems considered are listed in Table I. Pu-240 was considered in amounts of

5 and 10 percent of the total Pu for a range of H/Pu values in which the cal-
culations were expected to give reasonably accurate predictions for the effect -
of Pu-240. Efforts to more accurately predict the effect of Pu-24%0 on critical-
ity are continuing. Good agreement was obtained with experimental data in two
regions of the curves. In the region of minimum critical mass, the values for
the bare and reflected critical mass agree well with those predicted from the
Hanford P-11 project data.

The points at H/Pu ratios of approximately 3000 are not well determined, since
the convergence on the critical radii are slow and the H/Pu ratio of 3000 is near
the minimum concentration which can be made critical (~8 gm Pu/L).

The critical masses and radii of bare and reflected spheres are given in Table II
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Mclecule*
HgOch

0
.004217
.00999L
.01288
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.01866
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.03021
,03166
.03238
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Note: The mumters in parentheses are the powers of 17 whick multiply the given

number.

% The numbers given are in units of 1

122004971

DECLASSIFED

2k
~ o

I



\}%%\g%% | B-10 HW-69062

TABLE II

Critical Masses for Bare and Reflected Spheres of PuO>-HoO Mixtures

with 0, 5, and 10 Percent Pu-240

Bare Spheres Reflected Spheres
240 5%~240 10%-240 0%-240
B/Pu Re(cm)  #Mc(Kg) Rc(em) Mc(Kg) Re(em) Mc(Kg) Rc(em) Me(Ke)

0 7.79 2C.0 6.7 12.74
.38 8.54 23 7.2 13.67
1.25 9.52 25.5
1.66 10.0 25.9
2.37 10.5 25.6
3.36 10.8 2,5 8.8 12.58
L8 11.7 23.5 9.1 11.06
7.33 12.2 20.0 9.5 9.56
12.3 13.1 16.5 10.2 7.80
27.2 1k.5 1.2 11.2 5.23
57.1 15.2 6.5 17.4 g9.24 18.4 10.36 12.2 3.11
117 16.0 3.7 17.2 4, u7 18.1 k.89 12.3 1.70
295 16.9 1.78 17.85 2.00 18.6 2.13 13 .4 0.897
395 17.3 1.4k 18.2 1.60 18.9 1.69 13.8 .72
594 18.6 1.13 19.4 1.21 1Lk .55
660 18.2 1.00 19.1 1.09 15.8 1.17 14.8 .5k
- The 19.2 1.02 19.8 1.08 20.4 1.13 15.3 L5331
8hg 19.5 951 20.4 1.04 21.3 1.12 16.0 .53%
991 20.4 Oohs  21.4 1.03 22.4 1.12 17.0 .540
1189 21.9 965 23.0 1.07 2.2 1.18 18.5 .582
1487 24,3 1.06 25.8 1.20 27.4 1.35 20.9 676
2977 62.8 8.67 88.8 23.3 £2 5.16

*Al]l critical messes are given in Kg-Pu-239.

In the regions where the critical mass varies slowly witn the H/P: ratioc, scme -
estimate of the uncertainty in the calculations can be cbtained. The uncertainty,
which pertains only to the program and the convergence crifterion selected, indi-
cates that the critical masses are known *- within about £ 2%. This could be
improved at the expense of additional ccoputing time.

Interaction of Suberitical Systems

Enccuraging results have been obtained in the calculation ¢f interaction of re-
flected subcritical systems by a variaticnal method. While the absclute predic-
tions of criticality conditions by this formulaticn are significantly in error.
usually non-conservatively, relative predictions have been wirthin one cr two per-
cent of "exact" calculations. These obgervations are based on the comparison of
predictions of the aprroximaticon methcd with calculations of HFN for slab
geametry. The gquantity compared is the ratic v /v a7 where v’ ig the number of
neutrons per fission required to make the bart1C¢lar 1nteracting configuration
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critical and v! is the number of neutrons per fission required to make any one
of its (identicel) units critical in isolation.

Preliminary determinations of this ratio as a function of slab thickness, fuel
concentration, slab separation; and number of slabs have been made both by HFN
and the approximation. Calculations of this ratio for interacting cylinders
and spheres, by the approximetion only, have also begun; comparisons to HFN
cannot be made in these gecmetries except for the case of an isolated unit.

The variational formulation is based on two group diffusion theory and is com-
pared with two-group celculations. The results thus evaluate the accuracy of the
approximation to the two-group model, and not to actual criticality conditions.
The accuracy of this latter comparison, which depends, in addition, on the values
of cross sections and on the adequacy of two-group theory, has not yet been in-
vestigated.

Miscellaneous Experiments for Nuclear Safety Specifications

The experiment to determine the limiting critical concentration (concentration
for which ko, = unity) of a plutonium nitrate solution was begun in the PCTR, but
it became necessary to temporarily suspend the measurements because of a contami-
nation incident on March 3.

At the time of the incident, a large buffer tank containing about 114 liters of
solution was in position in the PCTR core. The contamination incident occurred
vhen a small end buffer tank, which had developed a leak, was inserted in this
larger buffer tank.

The contamination was detected when the physicist who inserted the tank checked
his hands on leaving the reactor room; since this person was not wearing gloves
when the tank was first touched (he had lifted the tank, and then remembering
that gloves were to be worn, had set the tank down and put on his gloves), skin
contamination was incurred on both hands. Decontamination of his hands was
accamplished by RMO personnel; some articles of clothing were lost because of
contamination.

The PCTR reactor rocm is in the process of being decontaminated by personnel

of Experimental Reactors Operation. The rails, wooden platform, wooden beams,
etc. (used in conjunction with the hydraulic lifting table to insert the large
buffer tank into the reactor core), which were contaminated and discarded, are
being replaced. The large bhuffer tank was removed from the PCTR core and
easily decontaminated by personnel of Critical Mass Physics; this tank has been
sent tc the 234-5 Building for inspection. The smaller tanks, which were more
highly contaminated, were sent to the 231-Z Building for decontamination by
personnel of Plutonium Metallurgy Research; the decontamination process has pro-
ceeded without difficulty.

The contamination resulted because of both faulty construction and improper
O-ring designs on the sealing plugs and end car enclosures cf the tanks. The
tank and jacket design indicated three separate leak seals: An O-ring under
the filling plug, another O-ring under the cap that covered the filling plug
assembly,; and a taped seal around the joint where the jacket top cverlapped the
Jacket tottom. The first O-ring did nct seal ccmpletely because of improper
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fabrication of the plug; the second O-ring did not seal properly either because
of incorrect design or choice cof O-ring material; and the taped seal arcund the
two parts of the jacket either failed to stand up to pressure buildup in the con-
tainer, or to the relatively large amounts of liquid present between the jacket
and the tank wall. Modifications are being made in the end cap enclosure de-
signs, and other considerations being made, to correct defects in the over-all

sealing of these tanks.

It now appears that the k, measurements, which were completed last month with
the aqueous U-235 solutions, will have to be repeated. The purpose of the
experiment was to determine the U-235 concentration for which k, = unity in

an aqueous solution. The experiment had been performed with 93% enriched

UOpF, sclution contained in aluminum tanks. On completion of the measurements,
when the tanks were being emptied, it was noted that a reaction had taken place
between the UOpFs sclution and the aluminum walls of the tanks. A layer of same
insoluble uranium compound was deposited on the tank walls. The results of
subsequent chemical analyses showed the U concentration to have been unduly
lowered by this process.

Since there is no way of kncwing the exact concentrations at the time reactivity
measurements were made, the experimental data are nct reliable, and it will be
necessary to repeat the experiment.

The reaction between the solution and tank walls was not anticipated because
no such reaction was cbserved when test strips of aluminum had been immersed
in the UO2F, solution prior to filling these tanks.

The experiment will not be repeated until the above difficulty has been re-
solved.

Criticality Hazards Specifications

Nuclear Safety in HLO

A meeting was held with Fuel Fabrication Development Operation personnel to dis-
cuss nuclear safety in the 306 Building. The main items discussed were 1) the
basis of the nuclear safety limits in specifications F-1 and F-2, 2) the safe
handling of 3% U-235 enriched uranium, and 3) the limits proposed for the future
handling of 93% U-235 enriched uranium. .

The muclear safety of processing U0p-0.5 w/c PuOp in the 308 Building was dis-
cussed with Plutonium Fuels Develorment Operation personnel. Each part of the
process was reviewed and limits suggested for the nuclear safety specifications.
It was pointed out that since there was no criticality data available for UGs-
Pulp systems, nuclear safety would be based on data for slightly enriched uranium
by estimating an equivalent enrichment for the oxide mixture. In the case of
U0p-0.5 w/o PulOp, the equivalent enrichment is estimated to be about 1.5% U-235.

A meeting of the Hot Semi Works Saféty Council was attended to review the Sr 9C
program. The crude feed material will come from the 22U4CR tank farm and will
contain no plutonium, consequently, there is no nuclear safety hazard in the
process.
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A meeting was held with Chemical Engineering Development personnel to discuss

the nuclear safety aspects of a molten salt process that may be used for the
recovery of PuO, from irradiated PRTR fuel elements. After decladding, the
UOp~Puly would be dissolved in a molten salt mixture and the PuOp deposited on
electrodes. The PuOy, in the form of fine crystals, would then be removed from
the electrodes in a water bath. For nuclear safety, both geametry control and
batch control would be used in the process. The molten salt will be treated as
an ummoderated system and the removal of PuO, in the water, as a moderated system.

'Evaluation for Nuclear Materials Operation

The nuclear safety of a 500 gram plutonium metal shipment to Pennsylvania was
reviewed and approved.

Mass Spectrometry

The new ion source for the heavy element mass spectrometer for this program was
installed in the spectrameter. Same of the operating characteristics of the new
source, which is a modification of the original, were examined. The modifica-
tions to the original design provide for improved electrical insulation between
electrodes and an increased spacing of the focusing electrodes of the ion optical
system. It appears that the improved interelectrode insulation has reduced lesk-
age of the accelerating potential to a negligible level. Measurements have also
shown that ions fram the source are monoenergetic to a degree which is consistent
with the geometric collimation of the source slits. Thus the spread in ion ener-
gies encountered in the original source appear to have been eliminated by the new
design of the focusing electrodes which was intended to reduce the interaction of
ions with the electrode structure.

Further comparisons were also made on sample lifetimes which are experienced with
different shapes of filaments. The filament design reported last month in which
the portion of the filament containing the sample 1s not heated directly by ohmic
heat continued to give useable sample lifetimes significantly longer than directly
heated sample filements.

Several operating days were spent in correcting malfunctions of the ion current
measuring and recording system and the magnetic sweep system.

Two measurements of the isotopic content of natural uranium were made to verify
the perfcrmance of the spectrometer. The results of these measurements indicated
& systematic error in mass ratio. The source of this difficulty has not been
disccvered as yet.

Instrumentaticn and Control

Technical support to CPD continued in efforts to stabilize the servo systems on
six tracer lathes. The new lathes were delivered by the manufacturer presumably
in operating condition but when assembled it was found they would not maintain
the required tolerance. The tracer lathe is designed to automatically produce

a machined part by allowing a metal stylus to trace a contoured pattern. Move-
ment of the stylus is amplified and transmitted to the cutting tool as the tool
is moved along the part being fabricated.
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Operation was satisfactory at normal maccipe szep telerazce Yut not at the 2loses
tclerance required for thils applicatica. Any atlempts te improve toe sccuracy

by increasing the 3ervo system Zaln resulted in sscillation. Tests were rux un
the system ~cmponents %o obtain frequency response Zdata. Resulus Ic date indicate
thgt a canbination of troubles may e causing the diffizulity. These Liciule th
following: 1) excess phase sblft iz the servc-valve driver amplifier, 2) servo-
valve stickirg, 3) excessively long lines betweern the servo-valve anf tue drive
piston, %) pressure pulses fram the hydraxlic pump, 5) excessive €J cycls and
noise pickup ixn the electreomices, and 6) dypamicalily unkalamesd stylus heed.

Attempts have been made to ccrrect same of She sbove concivions. They include lre
folicwing: 1) a new servo-valve 2river amplifier was iastailed, 2) 2 "3itier”
signal was injected iato tke servo-velive Uo prevent sticking, 3) the servno-valve
wes mourted directly oo the piston, i#) arn sceumuiatsr was installed te damp oul
bydraulic pulsaticns, 5 a ripple-free pover suzply was iastalled on the elec-
trozics, and €). the styius heald was dyaamically belanced. In addition %o the
gbove correcticn meascres, a mmber of networks were conzested In the elsctronics.
These were designed to add a leading or laggirz rhase campcaent o The over-all
system response. The mc3t successful of these has been & lag network tlhat de-
creases the high frequency response starting at about tez cycles per seccnd.

With tkis it is possible to increase the gain to a peoint wkere the static sosur-
acy of the tracer system is welli within the requirements. The speed of reaspouse,
aowever, is too slcw. Different retwork cambinations will e tried iz %ae near
fature.

NEUTRON CROSS SECTION PROGRAM

Evaiuation of “he Cross Sections of tze Fiszile Nuclides

A survey 1is being made of the status of +the low energy cross sectiuns and
fission parameters of the importast fissile nuelides =37 3 '52-"?’, and. Puel9,
All of the recert experimental results have been camplled and reviewel., Toe
most interesting result {2 date has teex the cousistency oF csrralated exsesi-
merts or U/ and 5?0, For eazia of these mizlides tie Tollovang srciadurs s
asel: The absorption cross section is derived frwm tze wssr Tawue of toTal
cross saction measursmerts and estimetel scattaring cross zaestions.  3est values

of alpta are ctitained from axpDerimental detarminstinn iz w2actor spesitra anl in
DT _

additvion, from monoeuergetic weesuramente fox T=20, 5 step 13 desmel apr -
priate bezause of the small effects of eurtris spelt Laotarmicns o A0 <
ard UPOC sross sections. The best vwalies : EXArLmRsTally
for eazz nuciide are also accedhad, I2is

. . - L) e A P - - - -
5f spectral gistortior and nie excellest o
;

of eta for U0 ard DRSS witn the resdis o r

gtas For 1R35 and 233, With the inmst sale ~ross sertion,
2ipra, and eta the other nestron params*ers The mesT importanc
lerived quantities are the fission zrass sections and z. Thess quantitlies ars
iz excellen® agreement [(.5 percent or Tetter ) with the best msasurad valles

of the ratic of fizsicn 2ross serticms, wite
absciute value of zu. The ornly discrspart piramer : .
cress sectiond. Ths iisagreerent witl tae %70 frlesipr tross o o is nom Lis-
turting breause of the Large ciscrerzanciss am NN

digerepaccy with thz coly srecisisn peasiirerent

o H an - R I " 2 e
cicn is 1.5 zercent. Tha best walues ottains
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that an effort is necessary to atiempt. to replace or modify the rapidiy deter-
iorating plug which has been in use for sever years.

——

Instrumentation

Detall design of the 1000-channel slow neutron time-of-flight analyzer has
progressed to the point where all necessary equipment has teen specified and
submitted for purchasing. A design change was made to allow storage and arith-
metic functions to exist ir binary coded decimal form ratier than in straight
binary. While this complicates the design samewhat, the readout is much more
direct and understandabls to operators.

Fast Neutron Cross Sections

Analysis of the- background measurements made oxn the time-of-flight system in
February has been campleted, and several long-ctanding misconceptions refuted.
nder roughly “yplcal circumstances, 3/4 of the asyachrenous background crigi-
nates in tihe puised veam striking the target. It is tius no different in nature
from that encountered in unpulsed operation. There dces not .seem to he any
synchronous backgrouad.

As a function of distance from the target, the background not associated with
the target burst is virtually comnstant; the measurements do not clarify its
canposition. Three-fourths of the burst-associated background close to tz
target 1s due to neutrons of emergy Zreater thnan 1.3 Mev. At greater distaxnces
the average energy of the neutron component decreases rapidly, while the gamma-
ray background of equivalent pulse-height in stilbene remains nearly corstant.
The gross pulse-height spectrum begins to “harden" again as the rear wall <f
the experimental aresa 1s approached.

The new time-mark generator has been installed and debugged. Its performaace
is pow quite satisfactory. The problems revealed in the event-identification
side channel of the chronotron during the February run are being attacked
simitanecusly by new circuit>y. A breadboard version has been bullt but not
tested. Pilckup from the RF deflection oscillator was studied with a tuned
search coil. Efforts tc reduce tre energy radiated fram the cscillator were
largely unsuccessful, wut the parasitic signal +traveling on the shield of the
signal cable to the chronotron was reduced by a factcr greater than 10C b re-
arrapgement and better grounding of camporents. -

Slow Neutrorn Scattering Cress Sections

The series of slow neutron scattering measuremerts at C.2 ev incidert energy
has cortimued. Energy aralysis runs have been made for the 30 mil thick, romm
tempersture water sample at scattering angles of 10, 3C, 50, arnd 72 degrees.
An angular distribution mu fer the empty sampie nclier was made at C.1 ev
final energy.

A short series of isolated measurements cn water at varicus inmatial ard final
energies and scattering angles is ir progress to dstermire the rslative sensi-
tivity of the analyzing spectrometer at C.05, 0.1, C.15. C.2, £.23, and C.3 ev
final erergy. Kroowledge of this sernsitivity will make it pcssidble to convert
scme cf the raw counting data int: an 'mwncormalized differential secattering cross
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2
section a%a% . In order to detect systematic errors ir the calibratiomn, a

reasonably large amount of cverdetermination has been provided for.

A germarium single crystal, 3 inches long and 2 inches in diameter, has been
purchased for evaluation as a neutron monochromator. Preliminary neutron
measurements to establish crystal crientation indicates a narrow mosaic widtk
but possibly a slightly multiple crystal. Germanium is an attractive crystal
for use as a neutron monochramator because it possesses diffracting planes

for which second order reflections are forbidden. A germanium single crystal
which meets the requirements of resolution and reflection efficiency could be
used to extend the range of measurements of the crystal spectrameter to energy
regions where second crder reflections are a prcblem,

REACTCR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

The Critical Facility of the FPRP

A purchase requisition for a Pu-Be source which will be used in the Critical
Facility has been initiated. It is planned to write a requisition for two
scalers and a signal generator to be used as an electronic timer. The initia-
tion of this requisition is pending the results of tests which are being con-
ducted by Nuclecnics Instrumentation on a transistorized system.

Revisions have been suggested for incorporation in the description of the
MIR-RMF experiment.

The Advanced Reactivity Measuring Facility (ARMF) is in operation now and in
all probability the MIR-RMF experiment will use the ARMF instead of the RMF.
Calibration experiments conducted by Phillips personnel indicate that the

ARMF is ~ 10 times more sensitive (NlO'7 ﬁ‘l‘ than the RMF. In addition, the

largest ratio pcesible between the sensitivies for fissicnable materials and
"pcisons" in two pesitions of the ARMF is ~ 33% larger tzan that which could
ve cbtaineé in the RMF.

PRTR Startup

The dsta from one set cf gold foils which was activated in a PRTR Critical
Test show more scatter than would be expected from statistics. These foils
were rnormalized on the rotator in the TTR to determine if the scatter was
caused by scamething inberent in the feoils. Analysis of the data from the ncrm-
alization shew that tkis is not the case,

Plutonium Fuel Teggerature Coefficients

Plans are under way to make a measurement of the fuel temperature coefficient
of k, for both high (164 Pu-24C) and low exposure Pu-Al 19-rod clusters. The
measurements will be made using low exposure buffer ceils in bcth cases.

Specifications for these clusters have been submitted to persomnel of Flutonium
Fuels Develormess Operation for :zost estimates.
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Pa-240 Effective Resonance I=tegral

m———

Further work nas beex dome in Dlanring tre measurements of the effective
resonance integral of Pz-24%0 as a functicn cf Pu-24Q content in Pu-Al rads.
An approximate analysis of the expected errors indicates that a usefl exyperi-
ment car-be dome if the pantity of plutonium in each rcd can be carefully
centrolled. The experiment is much more sensitive to this than it is to the
homogeneity cf the Pu-Al mixture.

Specifications for Pu-Al roGs witk both higk {164 Pu-240) and low exposure
Plutonium have been asubmitted te perscmnel of Plutoniur Fuels Develormernt
Operation for cost estimates.

Neutron Retbermalization iz draphite and Light Water

In February it was reported that the two thermsal group diffusion model of re-
thermalizaticn was gemerally valil for graphite and water., This comclusion was
based upon the agreement between calculated and ctserved “raverses of the
thermal activity of Lua-177 {activated Iu-176) for four independent experiments.
This past mortk five additicnal experime-ts aave beer analyzed and the results
support the earlier cozciusion. The new results 4o, however s reduce the aver-
age agreemert for all experiments from 5-10% to approximately 10-15%. The
Westcott medel of the neutron spectrum yields the agreement quoted. Contary tc
the result from a single experimert reported last morthk the "Jurwitz model® of
the zeutrorn spectrum does not improve the agreement in all experiments ané in
fact for same experiments it makes it werse.

A camplete report om tkis werk is being prepared and will be sutmitted for
inclusion in Jamuary, February, Marck, 1961, Nuclear Physics Research Quarterly
Report. »

Averaée Eberg_y of Diffusion of Thermal Neutrecns in 2rapkite

In the repcrt "T:e Two-Grour Aprrcach for a System with Temperaturs Discomtimai-
ties" by C. W. Lindermier (aW-68389) the average energy of 3iffusion cf thermal
deutrons is defined as r

; E D(B) X,(E) aE

_ £
- = -
DI‘_

| 57E) x,(E) 18
J

voere D(E} is the energy depenient diffasi e
mederascr temrerature, Tg, and X.(E) iz +b rZv distrivcrion of equiliikrium
thermal neutrons at Trn. values Bf Dr(Tg, Tr! were 2alouiated for grapiite
{RLPO, Morthly Repor:, Rily, 1963 assuming X_(E: Tc Yo a Mexwellian. Tkis past
mortk tie correspording values of E. /TR, ™) wera calzcismed for graphite. Tke
values of Ep, obtainel frem ET, (Tg, Tz) and T.(Tg, Tz) ars given in Taple T

The values of En,. for tke zase =f 3 comstans “iffision ccefficient are 2KT,, .

given in Takle I also,

icient of the modzrator at the
s
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TABLE I

B, o 2KT, in (ev) x 167

Tn{*K)
100 R 20 78 T20

Tg

10C 1.23 2.02 k.79 7.83 12.19
ik 1.35 2.14 4.85 7.88 12.21
300 1,50 2.27 Lok 7.93 12.25
478 : 1.57 2.34 k.98 7T.96 12.27
720 1.61 2,38 5,00 7.97 12.28
2Ty, 1.72 2.48 5.17 8.24 12.1n

The application of these data to rethermalizaticn cross section measurements in
graphite may lead to corrections to the rethermallzation crcss secticns of

-4g at 144°K to zero percent at T20°K. A camplete evaluation of this effect

is being planned.

Rethermaelization in Grqghite Near Absorbing Reds

The experimental apparatus for these experiments has been designed and is
scheduled for fabrication by Tech Shops. Copper cylinders 5-5/16 inches

and 1-1/2 inches in diameter will be used. The purity of the copper is in
excess of 99.9% and contains no objecticnable impurities. The flux depres-
sions in the rods, as calculated from simple diffusion theory, will be 97.5%
and 33%, respectively.

Traverses of the bare and cadmium covered activities of Cu and Iu in the
copper rods and grarhite have been provided for in the design of the experi-
mental apparatus. The cu traverses will be made with 0.0625-inch by 1/2-
inck pins in the large Cu rcd and with 0.032-irckh Ly 1/2 inch pins in tke -
small rod. The Lu traverses in the rods will be made with Lu-resin pins zf
approximately the same dimensions as the Cu pins. Lutetium oxide-aluminum
xxide foils and large Cu pins will be used in the graphite traverses. Cali-
bration detectors will be used where necessary for normalization of traverses
made with detectors of different geometries.

Foils of Cu and Lu will be irradiated at the Cu-graphite interface with either
the inward or ocutward flux. Cadmium shields will be used on one side cf the
agtectors and edge effects will be investigated with varicus shapes of cadmium
shields.
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A method of determining the rethermalizaticn cross section of a heated ligh%
metal rod, such as alumimum, in a graphite core in the PCTR is being studied.
This cross section could be used to calculate the magnitude of the shift in
the neutron spectrum in a hot fuel element, such as Pu-Al. The method requires
only reactivity measurements as experimental data. The three-group (one fast,
two-thermal) equations for the neutron flux inside the rod are solved. The
resctivity effects of a suitable absorber, such as gold, at the surface of the
rod and on the center line are then used as boundary conditions to evaluate the
constants appearing in the solutions. The change in the reactivity of the
PCTR as the rod is beated is then interpreted in terms of the rethermalization
cross section. The sensitivity one might expect from such an experimernt is
currently being studied.

A modification of the Hurwitz spectrum fcr a weak v'l absorber has been derived
to include neutron leakage in the case of small corstant buckling. The result-
ing flux is a linear combination of three functions of energy: A Maxwellian,
the Hurwitz correction for a weak abscrber, and the derived leakage ccrrection.
Since in this approximatior the degree of absorption and buckling enter only in
determining the weight coefficients of the three functions, the fluxes for a
variety of cases can be obtained directly fram the three functions.

Lutetium Pins

In support o the absorbing-rod experiments, a method has been developed for
fabricating lutetium oxide-resin pins for use at room temperature. Pias 0.031
inch by 0.500 inch and 0.062 inch by 0.500 inch have been made. The average
variation in weight of 150 large pins was found to be approximately t 1%.

This variation is in part due to air bubbles introduced in the mixing of the
lutetium oxide and resin. Calibration by activation will be necessary unless
this variation is reduced and air bubbles eliminated. It has been demonstrated
that this technique can be extended to other materials; sodium carbonate-resin
pins and foils have been made. '

A brief description of these techniques will be sutmitted for inclusion in the
January, February, March, 1961 NPRO Quarterly Report.

Same difficulty is anticipated in the use of resin as a matrix material be-
cause of its moderating effect. The resin is a hydrocarbon. In an attempt to
evaluate the resin, pure resin pins and Luz0y-resin pirs have been irradiated .
for 30C0 watt-minutes in the TTR. The resir pins were ccunted. The observed
counting rates did not differ significantly from natural roan hackground for a
10 minute count. The Lu502-resin Fins have been counted and the data is Heing
analyzed.

Even in the presence of this potential mederating effect it can be shown that
unperturbed thermal activities may ke inferred from bars aad cadmium covered
activities, although epicadmium activities cannot te determined in principle.

Analysis of Uranium (xide Fael Temmeraturs Ccefficient

Part of the data which was obtained previcusly from PCTR measurements cf the
fuel temperature coefficient of an enriched uranium axide cluster has been re-
aralyzeG. In this latter analysis a function which is predicted by theory is -
fit tc the experimental pointsz. The derivative of the furction gives the
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temperature coefficient of the resonance escape probebility

1 ap(r) _ ,.-1/2
ﬂ'ﬂﬂé_ = Alegy -

In the previous analysis this coefficient was expressed as

Data were obtained for two heating runs that differed only in the time required
to reach the maximum fuel temperature attained. The data fram the b2_minute
heating cycle fits ap equation of the form

1n B(T) - 1n P(T,) = (23.67 £ 0.20) x 10~3 - (1.33 £ 0.01) x 20™2 VT (°K)
for temperatures between 322 and T67 K. Thus

‘ -1/2.
1 ap(m) _ 1 (M) 6634 0.05) x 107
BT) @ T K (T) dr ( (°K)
The results may also be expressed in terms of the temperature‘ coefficient of the
effective resonance integral, Z(T). This coefficient is

1 _dx(r) _ 1
E(T) & 2T (°K) + (128 £ 6) VT (°x)]
over the same temperature range.

The uncertainties which are attached to the mmerical values reflect how well
the chosen function fits the data.

Code Development

REU
The graphite lattice cell calculation was run through an entire time step, using
all parts of RBU, at the beginning of the month. Discrepancies in the U-238 cross
section and in the thermalization tables describing the thermel motion of the
moderator atoms were noted and corrected. A finer energy group structure was set
up to improve the self-shielding of U-238 resonances, for those runs in which

the resonance tables are not used. A second simple problem was run to determine
the time required to establish good thermal spectrum convergence in a uniform
moderator region. Results are not camplete, but a fairly good Maxwellian dis-
tribution was established in sbout five minutes. Longer running times would be
required for most problems. The Post-Monte Carlo has been further modified to
accept cases in which not all macroscopic cells conmtain flux tallies. The final
report (preliminary draft) is nearly camplete.

The cross section library edit routine was campleted, and copies of the library
listing were being prepared for distribution at the end of the month. Several
errors in the library were detected and corrected, and the inelastic spectrum
tables and evaporation constants were changed fram velocity to energy units.
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Camplete listings of the SOS system tape were prepared by Data Processing per-
sonnel. The system has reached the point where it can be recommended for routine
scientific programmirg use, being for many Jjobs preferable to the FORTRAN-FAP
systen.

MELEAGER Code Qplica:tions _

The description of the code, HW-68100, was distributed in rough draft form.
Cases were set up for the supercritical-water reactor study, conforming to the
results of lattice analysis by the IDIOT code, and for MIR plutonium irradiation
samples (PHOENIX fuel study). The repeat calculations for APWR were started.

&6

Debugging of the Hanford version of C-6 started during the month, and a number
of errors have been corrected. Two of these errors existed in the program when
it was received from ANPD. The program has run largely successfully on several
test cases using ANPD 18-group cross sections. Several modifications are still
needed to make the program use the 100-group cross section tape properly.

Miscellaneous Developments

French methods of treating neutron-spectrum and effective cross section problems
were extensively reviewed, with a view to adoption of similar procedures in our
own work. The theory of the Hanford code "FLUX WEIGHT" was also reviewed. PR™
critical test results are mostly in good agreement with predictions of this coa .
but some questions concernming its formulation are as yet unresolved.

Instrumentation and Systems Studies

Experiments were conducted on the thermostat portion of the PRPCF "last ditch"
safety fuse using a heater. It was determined that the over-all response time
will be limited by the thermal response time of the thermostat. The minimum
closing time was determined to be 1.2 seconds. This time of closure permits
0.k seconds for poison injection for a 100 millisecond period and 4 seconds
for a 500 millisecond period from a starting point of 10° nv for "normal" neu-
tron flux. The necessary enriched uranium for final prototype fabrication is
on order.

Several additional fuel rods containing Pu0y and U0, were received and investi-
gated concerning the development of methods for detecting PuQ, segregation.

One rod comtained a PuOp concentration imperfection 20 times "normal” ard this
was readily apparent fram the gamma spectra tests. Six- and four-times-"normal"
concentration imperfections also were readily detected. The last rod contained
a two-times-"normal" imperfection which was not determined by regular gamma
Scanning; however, by using a subtraction process on the 200-chammel analyzer,
this imperfection was located. It appears that detection of a concentration
imperfection of two times "normal" is about the limit via gamma scanning methods;
vhereas Plutonium Metallurgy wishes to detect concentration variations of as lit-
tle as five percent fram "normal”. Other methods for such sensitivity are beinr

sought .

1230018






e g&%ﬁ%%“a%\s | B-21 65062

which is tkat of matching power gezeratior tc coclant fiow.

The need of better working camputer codes ard of tetter knowledge of the effec-
tive resopnarce integral =f theriwm ian graphite as a functicn of temperature and
cereeptration were rade very evident during tkis work.

NONOESTRUCTZVE TESTING RESEARCI

Electrcni.gnet ic Testing_

Two adjustable summing netwerks were constructed for use in the analyzer zection
of the broadband eddy current test equipment. Oue network will ke used IZn an
attempt to give izdependent resdout of test specimen parmmeters. The secs
network will serve tc read out test specimer relative elsctrical cenductivity

as a function of depth below the surface. Successful performance cf the latter,
coupled with the induective thermcmetry principle will make prssitle relative
measurements of sub-sarface temperature gradients <f mesals. The design f a
segmental time reversal device was flrwed ani parts créered.

The first summirg network will be used to combire the vector components of the
signal in an attempt tc give independent real:rit of test specimen parameters.

This netwecrk has provisioz for six imput signals and provides *wo output sigrals
representing different cambinastions of the input signals. It accepts the ous-
puts cf the six-channel orthogomal filter and time dcmain sampler which repre-
sent the selected orthogonal exponential ccmponents of the signal, and fawrs
two new signels from linear cambiraticns of tka input eignals. Jorrespouling
non-linear circults will be addedé as reguired.

The secord summing network comprises a single inpt channel feeding five parallel
bhigh-pass filter chanrels eack having a different cut~off frejquency. The filters
each drive a rectifier cir~uit kaving aljustable output level, anmd provision is
made tc cbtain the sum cr difference of the tpuss of the adjacernt rechifier
chanrels. Thus the inpet of the netwerk copsists of a singls “roadband sizzal,
and the output comsists of four :igrals representing “he iifference o~ sum of
the adjacent crancel amplitudes.
Two electric delay lines were .riersd for use irn the segme:=al time reversal
_device to be used akead of the ortlogeral filter. The iises each Lave a hosal
delay of 1CO microsesonis anld are rrovided witi 120 taps st L micrcszeqnsd
intervals.

An informal report titlel "Segmental Time Reversal Device”, TW-ARGSZ, was writ-
ten, issued; and sutmi<ted as a joint inventi:n repcr* by H. L. Livhy ané J. T.
Russell.

)]

Heat Transfer Test:

U

Tests have shewn that the infrarsd detect:r wihpst 3igmals praduced by cirsilar
bond defects in alumizuur clad -wrasivm fuel elements Zarisg heat tramsfer veste
ing are approrimat=ly lincarly letendent - power inpt. Heat —rznsfsr test-
ing equipment n:ing a plasma arc ceas sooros nas Leesn assemblei. Mi 28=-T0ICNER
voidsl/2, Z/8, and 174 inck in ciameTer were dewezted with an industive thermeom-

' 2 3 U 6tcler2used o Sozjurcticn with a plasma et fzar 3o
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Heat transfer tests of aluminum clad uranium fuel elements are presently being
made by scanning the outer surface with a single turn induction coil heat
source, and an infrared radiometer which senses temperatures distributed over
a l/8-inch-diameter field of view. Surface temperatures over fuel cladding
to core heat transfer defects are higher during the test, due to their higher
heat impedance, than the surface temperatures of surrocunding regions. Tests
have indicated that this AT increases approximately linearly with increasing
power over circular defects.

Several apparent heat transfer defects have been found in type K-IV-N fuel
elements which had passed production ultrasonic tests. The apparent defects

were near the limit of sensitivity of the present heat transfer testing apparatus;
no gross defects were found. These small indications were possibly due tc
variations in surface emissivity. Camparison of ultrasonic maps of these fuel
elements with heat transfer testing maps has shown that ultrasonic defects were
not always located in the same region as the apparent heat transfer defects.

Infrared bend pass filters for use in devélopment of an emissivity=independent
high speed infrared radiometer have been ordered. An initial band pass of wave-
lengths between 4.5 and 5.0 microns will be used.

Heat transfer testing equipment using a plasma arc heat source has been assem-~
bled. Preliminary tests of this equipment using fuel elements with known
defects have been campleted.

Good results have been obtained using an inductive (eddy current ) thermameter
in conjunction with the plasma jet heat source in the detection of circular
mica-produced voids in fuel elements. Such circular voids 1/2, 5/8, and l/h
inch in diameter were detected in two different specimens with good signal-to-
noise ratios for all three sizes of defects. The fabricated 1/8-inch defects
were not detected. Correlation tests are being made on a group of fuel elements
which have been tested previously by both 1nfrared heat transfer and ultrasonic
test methods.

The inductive thermometer being used in these tests comprises a vacuum-tube
self-excited oscillator followed by & detector and amplifier. The plasma Jet
was operated at about 11 KW power to the arc. Possible effect of the plasma
Jjet on surface corrosion characteristics will be investigated.

A 50 KW, 10 KC induction heater has been obtained to provide a heat transfer
tester for immediate application and further evaluation of existing techniques.
This will make prototype equipment available for development of new teclhniques.
Arrangements for locating this equipment in the 314 Building have been completed.

Zirconium Hydride Detection

A new program has been initiated to evaluate nondestructive methods for determ-
ining the concentration of hydrogen in Zircaloy. There is evidence that hydrid-
ing of Zircaloy reactor process tubes could result in structural failures due
to hydrogen embrittlement of the zirconium. Because of this and the increasing
use of Zircaloy in process tubes, an investigation into possible methods of
nondestructive monitoring of hydride concentration has been initiated. Also
there is need for a rapid method of measuring hydrogen concentration in a large
number of small ercaloy control samples presently being used in studies aimed
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at reducing aydrogen absorpticn in Zircaloy.

Hydrogea concentrations of interest in Zircaloy samples range from a mizimm
econcentration of 50 ppm by weight to abzsut 100C prm. A measurement accuracy
of 1C-20 percemt wouwld te useful. Even relatively inexact in-reactor measure-
ments of hydrogen corntent in Zircsloy prcocess tubes would be of value.

Two possible metkods of hydride detection and measurement are being studied.
The first method utilizes fast neuntron scattering and the second, Hall Effect
measurements. The fast neutron scattering methcd should be applicable to ex- .
reactor measurements, wkereaes the Hall vcltage method woli be more amenable
to in-reactor measurements because cf the high neutron background presernt.

Fast neutron scattering is being given immediate attention, and preliminary
scattering measurements are schediled at the Van de Sraaff generator for the
first weeﬁ in April. Fourteen-Mev neutrons will be ottained from <he

H3 (&,n)He™ reaction using tke Van de Graaff gecerator. The bydrigen concen-
tration can be measured by detection cf the number 2f neutrcns scattered from
the hydrogen nmuclei cozntaired in the Zircaloy sample. Neutrons scatterei from
the hydrogen have less energy than those scattered fram zirconinm ané thus can
be identified. The scattered neutrons will be letected witk a Lil seintilla-
tion counter and a multichannel pulse height analyzer.

In initial tests, shielding requirements, signal-to-background ratioc measure-
ments, resclution cf scattered neutron enmergies, and semsitivity to hydrogen
concentration will be determined.

A survey of the literature has revealed nc quantitative studies of the effezt
of low hydrogen concentration on Hall cceffizient. Initially the measuring
technique will use a permanent magnet, whose field stirength is approximately
five kilogauss, and a 100-cps alternating current through the sample. The Hall
voltage will be measured using the three contact method in conjunction with a
narrow bandwidth, high gain, low ncise amplifier. The Hall vcltage can then
be read with an a-c voltmeter. Preliminary calculations indicate the Fall
voltage will be in tke order of 1 t2 2 microvolts. A magnet has been obraired
and a sample holder is teing fabricated for these studiies.

NEUTRON FLUX MONITORS

The study on extended lifetime neutron detectcrs fir in-ccre flux monitoring
in high power reactors proceeded with furtkrer computatizans regardirg the aprpli-
cation of "breeder" concepts to allasviate burawut problems. Compared to zon-

D men

venticpnal U-235 detectors, pluteriim isctope combirations have heen I waich
cffer practical extensioms of the sensitivity lifetime with little, if axy,
sacrifice in injtial neuwtrcu semsitivisy. Platcniim aad ranium combinaticas
offer greatly extended seasisivity lifetimes it with reiuzed sensitivity.
However, the sensitivity still may be sufficient tc give a izeful neutron-to-
gamma discrimiratica ratio in scme applicaticns. Both tyres have teen cunsid-
ered for several differert reactir eaviromments. Arrangements are being made
for experimental work +o test amd Jemonstrate the valiiity <f +he computations.

The pctential in-redctor detentair ervirczments whicr rave Tesn considered to
date are tabulated Helow in Table T
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TABLE I
Description of Possible Detector Enviromments
Water Jacket
Surrounding Alr Pocket Centered in Water-
Loaded Fuel In in Filled Process
Location Element Grg_prhite Water Annulus Tube
Neutron Hard well Soft Maxwellien
Spectrm Moderated
Westcoﬁt "r" Values
r ave 0.075 0,03 0.02 0
r mex 0.085 * * *
r min 0.065 * * *
Flux 7 '
g ave 5x10 v 1x 100t 1.5 x 10t% 2 x 10
¢ mex lx 1011" nv * * *
g min 1 x 1043 nv * * *
Bffective
Neutron
Temperature
T ave 625°¢c 600"C 350%C 150°C
T max 1000° ¢t * * L %
T min 425%c * * *

*
+

Variations in neutron spectrum not determired to date.
Not yet examined.

#on

In one class of detectors examined, fissionable Pu-24l is generated to replace
the burnout of Pu-239. The characteristics of the initial campositions exam-
ined to date which give the least sensitivity change over four months of irrad-
iation are listed in Table II. Data on U-235 for camparison are listed also.
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Extended Lifetime Detector Characteristics (Best Cases to Date)

Alr Pocket Centered in

Water Jacket In in Water Filled
Location Around Fuel (Graphite Water Anmulus Process Tube
Initial Detector
c§ositim
Pu-239 409 20% 12.6% 8.7%
Pu-240 60% 80% 84 .39 87.0%
Pu-241 -- -- 3.1% 4.3%
Westcott o fission
(varns)
U-235 - 531 52U 538 550
Pu-239 . 1381 1598 1171 875
Pu-2k41 1500 1633 1373 1155
Initial Sensitivity* 4
(Fissions/mg/sec/nv) 1.39 x 1072 8.03 x 107 L.79 x 107* 3.17 x 107}
Sensitivity Deviation |
During 4 Months Exposure t 5.4% t %9 £ 149 t 11.6%
U-235 Burnout ‘
in 4 Months 29%(4TT°C) 504 65% 5%
U-235 Initial ’
Sensitivity ’
(Fissions/mg/sec/nv) 1.37 x 1072 1.37 x 1070 1.37 x 1077 1.37 x 107

* This does not reflect detector optimization since the sensitivity can be changed
by varying the detector coating thickness (mg/cm®). - ;
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The detector lifetime can be greatly prolonged by reducing the total fission
cross-section. Best cases to date for this class of detectors are listed in

Table III for a 24-month irradiation.

TABLE III

Very Long Lifetime Detector Characteristics (Best Cases to Date)

Alr Pocket Centered in
Water Jacket In in Water Filled
Location Arocund Fuel Graphite Water Annulus  Process Tube
Initial Detector
Coqusitions
U-238 9%.5% 99% 99% No
Pu-239 1.96% 1% 1% solution
Pu-240 0.98% - - to
Pu~-241 0.47% .- - date.
Westcott 0 fission
(barns)
Pu-239 1381 1598 1171 875
Pu-241 1500 1633 1373 1155
Initial Sensitivity* 5

(Fissions/mg/sec/ng) 8.69 x 1072 4.04 x 1072 3.97 x 10~ -

Sensitivity Deviation

During 24 Months + 3.29 + 6.8 £ 49 -

U-235 Burnout

in 24 Months 86% 98% 99.7%{400°C) 99.97%
U-2355 Initial

Sensitivity

(Fissions/mg/sec/nv) 1.37 x 107 1.37 x 1070 1.37 x 1077 1.37 x 10-2

# This does not reflect detector optimization since the sensitivity can be
changed by varying the detector coating thickness (mg/cme),

Arrangements are being made concerning the experimental fabrication of fissile
detectcr material in the form of a carbide for coating chamber walls. Arrange-
ments also are being made for irradiations in a 100-K reactor for beth shert

and long exposures. For fissile material in the form of foils, measurements

will be made bhefcre and after irradiation to determine the change with exposure.
Several czalibraticn and measurement methods are being considered. Paossible
experiments in which the detector sensitivity will be contimiocusly monitored
during irradiation also are bheing investigated. Mechanical limitafticns may
preclude this latter apprcack in the K test hole facilities. However, it may be
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pcssible to use the foll in a conventional in-ccre flux chamber within a procest
tube. While the primary present objective is the development of optimum detector
ccmpositions, the ultimate success of practical flux monitcers also depends
largely on successful chamber-cable assemblies which are under development by

various mamufacturers.

Experimental studies on the new ideas for wsing microwave techniques for in-
core flux monitoring are still awaiting delivery of ordered compoments.

PHYSICAL RESEARCE - 500C PROGRAM

Mechanism of Graphite Damage

A study was made of the possibility of using thermistors as absolute thermcme-
ters. The results indicated that accuracies of about C.5°C were possible.

A test was made to see 1f radiation damage could be observed in graphite with
electron paramagnetic resonance equipment following electreon irradiation. None
was seen. The irradiation time was short and may have been too short for the

purpose of the test.

BIOLOGY AND MEDICINE - 6CO0 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

New data on atmospheric dispersion and deposition processes became available
during the month with campletion of reduction of measurements made during the
1960 field test series. Suwmaries include measurements of both the herizontal
and vertical dispersion of tracer material to a distance of 2 miles from a
source pear ground level. Atmospheric density gradients ranged fram very stable
to moderately unstable, extending substantially the range of experimental data
for use in establisking diffusion-depositiorn medels. Summarizatiorn and reduc-
tion of the meteorological measurements taken during tkese experiments continued.

Werk contimued ixto the theoretical fermulaticn of atmosphkeric diffusion-deposi-
tion equations to guide anslysis of the 1959 field test data. Special attenticnm
was glven to a model to describe the characteristic shesar flow fcund iz mest of
the experiments conducted during temperature inversions. Of the 28 experiments
ir the series, only 4 were selected for depositicn and vertical diffusion cal-
culations. Confcunding interacticms were fomd Setween vertical diffuasicn,
deposition, height of release, and variaticn of height >f piume center wita &is-
tance. Empirical methods of separating taese effects were tried and an equasicr
derived for the loss cf tracer material die to depositior for cne experiment.

Four additional diffusion experiments were attempted during the month, with
three successes, bringing the totals for the year to 7 suczesses ir 10 trials.
Tke experiments were corducted using ar elevated scurce lccated at 200 feet

height on the meteorological tower wit: dosage measurements at 1.3 meters teight
te a distance of 1 mile on a horizomtal grid.

5
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Further analysis of 2 minutes of record fram the wind component meter by hand
calculation methods were made to assist in evaluating the data recording regquire-
ments of the instrument. Values of the mean square turbulent velocities in the
vertical and longitudinal directions were combined with the turbulent shearing
stress in that plane to yleld a correlation coefficient of -0. 324, This value

is smaller than expected, but not unreasonable for the very stable temperature
gradient associated with the measurements.

In Air Force supported activities, field engineering and technical assistance
were provided upon request. Procurement was initiated on all equipment to be
supplied by APO for conducting the off-site diffusion studies. Preliminary
analysis of climatological data for the test sites was begun.

DOSIMETRY

A cooperative experiment was begun with Dr. E. E. Osgood of the Universlty of
Oregon Medical School. We will use the whole body counter facilities to measure
the bremstrahlung from the bodles of some of his patients to whom he has admin-
. istered P-32. From these measurements we will gein knowledge of body distribu~
tion and retention and of the sensitivity of our counting methods. One man who
received 2 mc of P=32 has been counted twice. Arrangements are being made to
count another man in June.

Radiation Protection Operation was assisted in the identification and measure-
ment of body burdens resulting from two contamination incidents. The subjects
involved were also studied to find out how the radicactivity was distributed
and eliminated. Three men had body burdens of Mo-Tc-99. A few hours after the
incident the activity was in the nose, chest, and abdcmen. After the first day
it was all in the abdomen. Two men had eliminated all of it within three days
and the third within seven days. Four men had body burdens of Na-24 and Zn-65.
After the decay of the Na-24 and initial elimination of Zn-65, two of them had
sufficient Zn-65 to merit continued study.

The current regulator system for the analyzing magnet of the positive ion Van
de Graaff failed. The difficulty was traced to a faulty current generator.
After repairs the accelerator was restored to satisfactory operation.

Experiments were carried out with the decontaminated SbBe source. The precision
long counter and the double moderator were used to obtain measurements at 25 Kev
neutron energy that had not been available before. The results were in good
agreement with what had been expected from measurements at higher energies.

By comparing neutron measurements of PuBe and PuF sources with measurements on
RaBe (gamme ray or alpha particle) sources, the rates of growth of the neutron
emission from the various plutonium sources were determined. Same sources
showed negligible growth while others showed up to 2.6% per year. The results
brought order into all our precise measurements of these sources.

INSTRUMENTATION

A nev experimental transistorized circuit was developed for use with the minia-
ture alarming personnel dosimeter which uses a modified “pencil" ionization
chamber as the detector. The new circuit, satisfactorily breadboard tested,
chops the output of the detector, which bhas its readout CdS cell in a bridge
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circuit, amplifies the resultant signal, and energizes a solid state memory
which permits the supply voltage to be impressed acr2ss the alarm circuit.

The nc-alarm battery power requirement was reduced by holding mest of the cir-
cuits in an "off" condition. If the lamp light source, the photocell, or

the bridge vcltage fails, the alarm energizes tc provide fail-safe operation.
The alarm is a resonant air column and is quite audible.

Final protctype fabrication continues on the experimental scintillaticn air
monitor which uses coincident ccunt techniques tc eliminate interference
from radon-thoron buildup. Fabrication is 50 percent camplete.

Experiments were essentially ccmpleted cn tne inexpensive, small, high-level
dose-rate detecticn method uging a photccell and a small crgarnic detector.
Dose rates from 5 r/hr %0 10° r/hr are readily measurable and the respcnse is
linear tc greater than jl.Ol-L r/hr° The unit is gamma energy independent frcm
80 Kev to S Mev, ard it shows less than a 2:1 change in response from Q°F to
+#140°PF. Accumuzlated dose damage was found to he negligible up te 5 x 10- r
with increasing e, which resulted in a lcwer <~ tput vcltaze readipg, up
to 108 r. At 10° r, the reading output, at a ccnstant dose rate of 10 r/’nr_o
was about cne-half of the initial reading. Necessary parts have been crdered
to fabricate two prototypes with waterproof, shcckprocf construction. Over-
all detector probe size will be abcut cne incn diameter by cne and one-half
inches long.

Design-develcpment work contimuied on a new type of monitcr for airborne alpha
detection. Eventually, the prototype using the approach will be installed in
the 325 Building. In this unit, the alpha-particle-caused pulses from the
phototube drive a transistorized amplifier and a series 2f binaries. The last
binary drives a miniature stepring motor, and a contact; driven by the motcr,
advances one step for every 256 alpha-caused (plutcnium, radon, thoron! pulses.
A timing mctor with a second contact on its skaft is used as a reference. If
+the stepping motor advances meore rapidly than the timing motor, the contacts
close to cause an alarm. A directional clutcn is placed tetween the timing
motor and the stepping motor to prevent the timing motor fram driving the step-
ping motor thus keeping the csontact spaciag constant. The breadbcard mcdel
has performed satisfactorily in laboratory tests with an airtorne continmucus
concentration sensitivity calculated as 2 x 10-10 pc/ce in about 30 minutes.

The final design and packaging, in protctype form, was completed on the tran- -
sistorized, zated cscillator., annunciator circuit using a rescnant air ociumn
speaker. The unit can “e used directly with all r:rrarie HAPO count-rate tvpe
survey instruments t: elimirate the uze °f headpncnes.

Develcrment work ccontinues on a decade scaler with very low power requirements
for use in portable and other battery-cperated instr.ments where power ccnsump-
tion is expensive. The scaler iz a transismorizea rinary-Julnary type requiir-
ing 180 milliwatts per decade for a meter rsadcut. ana nly 300 milliwatts ger
decade for incandescent lizht readcut. The test commer:ia. 3caleér requires
abocut 30C0 milliwatts per decade. OQnly ceven translstors are requirei per
decade unit and a resclution of less thar 1( microseczonds is easlly attained.

The previcusly-developed and now s*anaard, single-transist<r, high voltage
supply fcr portable radiaticn prctection instruments was modified t¢ include use

)
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to £ 2000 VDC at 50 microamperes (maximum) output for use with BFz tubes. etc.,
which require more than the * 1200 VDC maximum originally obtainable. The
modification simply added a doubler circuit as the high voltage secondary cir-
cuit. Standard HAPO prints are being prepared. No primary circuit modifications
vere necessary. Conversion efficiencies, for 4 VDC input, range fram 60 percent
for + 900 VDC output to 35 percent for £ 2000 VDC output.

Technical progress was made on the Autamatic Film Badge Densitcmeter. The de-
signed printed circuits are 50 percent campleted. A "no go circuit" was designed
to stop the operation if the reading on the digital voltmeter exceeds a preset
threshold, and this logic circuit will be operator adjustable. The design of

the sequencing circuit is 7O percent camplete, and it uses the auxiliary dupli-
cating drum to control selection and printing for the addenda IBM unit. The
camplete control circuitry is being fabricated in the 328 Electronic Shop.

An experimental pulse height selector or discriminator circuit 1s under develop- -
ment. The cilrcult uses tunnel diodes as gating elements, has a varlable window
width, and triggers on pulses exceeding 0.5 volts in magnitude. Operation to

- 125°F has been achieved. The circuit has wide application use in portable
gamme energy analyzing instruments.

A journal paper was prepared on the mechanism of thermoluminescence in CaFo:Mn
dosimeters. The necessary induction heater for further dosimeter development
was received and modified, and an experimental crystal furnace was assembled.
Investigations continue to improve the dosimeter fram its present 27m configura-
tion to a Mr type and to reduce the storage losses assoclated with the units.

A recamendation was made to Atmospheric Physics Operation that an Ampex FR-1100
T-track tape transport be purchased for use in recording continuous meteorologi-
cal data. This unit is compatible with the tape deley units now being used with
the analog computer facility, and will permit interchange of the electronic
amplifiers and power supplies between the two units.

WASHINGTION DESIGNATED PROGRAM

Isotoplc Analysis

The mass spectrometer for this program supplied isotopic analyses of the pro-
gram samples received this month. In addition, two analyses were provided on
plutonium standard samples to verify the performance of the Analytical Labcra-
tories mass spectrometer. Four days were spent on maintenance and correction
of malfunctions of the mass spectrameter.

The data previously obtained on the results of analyses on standard uranium
samples are being examined in detail by Operations Research.

TEST REACTOR OPERATIONS

The PCTR operated *two days during March, and there were nc unscheduled shut-
downs. On March 3, 1961, there was a plutonium solution spill in the reactcr
roam, and the reactcor was shut down for reactor room decontamination during the
remainder of the month.
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One experiment was campleted to determine the fuel loading necessary to make
the reactor critical with a 4 x % x 373 inch copper bar in the center of the
core. The copper bar was simulated by using a cadmium wrapped graphite bar
34 x 3% x 36 inches. The fuel was loaded in the outer fuel positions. The
final loading required was 36 drivers, 4 columns each containing three 8-inch
1e35-41 pieces and one 6-inch we35-a1 piece, and 47 columns each containing
four 8-inch U235-A1 pieces. One lucite rod added to a driver in this configura-
tion was worth approximately 13 cents.

Two groups of foils were irradiated in the TTR during the month. One group was
irrediated to obtain data for resonance correction in copper. The other group
was irradiated to get data pertinent to the making of Lu203 pins. There were
no unscheduled shutdowns of the reactor.

Data were taken to determine the difference, if any, in the TTR prompt neutron
lifetime when air and helium were used to fire the poison piston into the core.

The data are being analyzed.

- The lifetime of the prampt neutrons has been measured by two methods: One by
poison inﬂection by air and the other by noise anelysis. The result was
2.7 x 10" sec with agreement to 4% between the two methods.

CUSTOMER WORK

Weather Forecasting and Meteorology Service

The first in a series of three scheduled reports on prospective 1961 crests

of the Cclumbia River flow at Hanford was issued on March 27. Because of the
abundant precipitation during February and March, much of which occurred as
snow at high elevations, the ocutlock is for higher crests this year than last.
The preliminary outlook for 1961 follows, together with the camparative figures
for 1960 and 1959.

1961 1960 1959
Forecast Observed Observed

Peak flow (units of 105 CFS) 360-450 311.4 438.8

Peak stage (feet MSL) at:

100-B Lok ,5-408.0 Loz 4 407.8

100-K 399.5-40%,0 397.7 402.8

100-D 393.5-396.5 392.2 396.2

100-H 386.0-389.0 38k ,0 388.5

100-F 380.5-383.5 378.8 383 .2

Richland 348,5-.352.5 3L6.5 350.5

Meteorological services, viz., weather forecasts, observations and climatologi-
cal services were provided to plant operations and management personnel on a
routine basis.
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Type of Forecast Number Made % Reliability
8-Hour Production 93 84,2
24-Hour General 62 86.5
Special 17 91.8

Precipitation for March was more than twice the normal amount. Although the
totel of 1.02 inches was less than half that of February, there were actually
3 more days of precipitation occurrence. Unlike February, March precipitation
was well distributed over the month and there were no heavy dcwnpours.

A tornado funnel was observed at 1500 on March 24, but dissipated 5 minutes
later, before photographic equipment could be summoned. It was estimated 10-15
miles SSE of the station. There was considerable sideways lashing of the tail,
but it apparently stayed well above the ground. It was also viewed by some
from Richland. There wag scattered thunderstorm activity at the time.

Instrumentation and Systems Studies

Specifications were prepared for Envirommental Monitoring Operation, RPO;
concerning & solid-state DC amplifier to replace the defective vacuum tube
units originally used by RPO in their River Monitor.

Design, fabrication, and satisfactory testing was completed for the modified
Sensitive Gamme Airborne Monltor for Envirommental Monitoring, RPO. The added
circuitry provides a fast (0.5 seconds to full scale) chart recorder response
time and provides seversl selectable time constants.

Most of the necessary transistorized circuitry design was campleted on a
special sensitive scintillation Beta-Gamma Portable Field Monitor for the
Biology Operation, HLO.

Febrication continued on the experimental mixed fission product Air Monitor
for the 327 Building using & moving-tape filter head.

Fabrication also continued on a designed combination alphe-beta-gamma Air
Stack Monitor for use by Chemicsl Research Operation, HLO.

Minor adjustment work was completed on the experimental transistorized Aural
Alpha-Beta~Gamma Monitor in use (for one year) by Calibrations Operation, RPO.
Since no troubles; other than necessary adjustments, developed during the year
of use, the unit was turned cver to Calibrations Operation, and drawings and
maintenance information were prepared and given to the technicians who will

be respcnsible for future maintenance.

Advice was rendered concerning the Scintillation Criticality Alarm Units in
use in the 325-A Building after one false alarm. The reason for the false
alarm was not determined; however, actual tests after the incident showed
the instrument to be performing completely correctly.

Design information was given to Radiological Chemistry Operation, HILO, con-
cerning the large Nal crystal mechanical hclder and positioner designed by
Nucelonic Instrumentation and now in use at the Biology Operation. Radiologi-
cal Chemistry Operation is going to fabricate a similar unit for their use.
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Calibration of the micrco-displscement readcut szystems to he used oy Physical
Metallurgy fcr in-reactor creep measurements has centinued. Tc date, cali-
braticn of the Schaevitz DRS-107 system is 3% percent ccmplete. Calibration
runs made during March include drift tests on the 0.3%-inch scale at 1CC°C,
200°¢, 300°C, and 4C0°C, and calitration runs on the §.3-inch scale at 300°C
and 400°C. Drift testing and calibration of the C.3-inch scale are now ccup-
lete, and the reference system has been converted for calibrating the more
sensitive scales (0.O4 and 0.0O4-inch). Preliminery evaluation »f the data
indicates the DRS-100 reccrder exhibits a definite and consistent nonwlinearity
with a maximum value of approximately C.005 inch ~ccurring aht accut €5 percent
of full scale. The DRS-10Q indicator alsc exhibits a definlte non-lin ear1+y
which is smallier in magnitude (C.003-inch average', nut ccnsideracly less con-
sistent. In both cases the non-linearities exceed the required linearity
specifications of £+ O0.% percent or £ C.001l% inch. Cootinted use of tne DRS-1CC
has resulted in a definite deterioration cf 1ts operating cnaracteristiczs.
Aligrment of the equirment is becoming increasingly difficult and tne indicatoer
unit is develcring a randam osciilation whi:ch further compliicates alignment and
operation. Installation of a l/l6~inch-thick,copper snield 4id act arpreciably
reduce the aaverse transient effect c¢f stray fields from the -=eatisg elements,
but it did improve tkhe stability -f temperat.re contrcl. The temperaturse 4drift
of the transducer itself is continucusly mcnitored and tas Teen found tc be less
than t 0.25°C over an eignt-acur perisd. Howewver, the ccpcer shield cxidizes
and has a tendency to flake at 400°C and is being replaced by a shield made of
stainless steel. To improve the cperatizn of the reference system, an extenso-
meter holder was fabricated witk provisions for an exrternal prism adjustment.
Room temperature variaticns in the laboratory are expectel to influence the
accuracy of the reference system, and an attempt to chtain a guantitative meas-
urement of this effect will te made.

The Pulsed Extractiocn Column Dynamicss Analog Simulaticn nas keen initiated hy
Chemical Research and Development. The pr:blem ccnsists of the determinatisa
cf the displacement zf the column interface as a functicn of the frequency
and amplitude of the air pulser. This provlem nas: noct been ccmpletely form:-
lated yet.

Ceramic Fuels Development Operaticp requested that twc existing edge-contrel
amplidyne units “e converted s prcovide speed control of their swage rachine
drives, if econamically feasircle., A tes* procedure to determine the charac-
teristics of the existing units nas been reccmmended. Thre rezultz of trhese -
tests should indicate the feasivility :f the requested conversion.

Physical Testing

total of 4686 tests were made on 3387 items representing 73,213 feet of
material. Most of the fcotagZe was on fuel sheath tiuzes and reactor pracess
tubes. Test werk included autosclaving. rrresciping. Ti.oressent penetrant
tests, X-ray and gamra-ray radicgraphy. strain meas.remest, tltrasonic flaw
detecticn, ultrascnic thickress measursment eddy -urrert tests, and maZnetic
particle ‘cests .

Production testing and “reatment of the WPR prcce:z =.Ses proneedea rcutinely.
The penetrant test continued to bte 21cw cecauzs of the need to check i1ndica-
tions revealel by white 1iznt borescoping. Apparently meo:t »f thne indicaticns
are due tcC penetrant held 1n Surrs cauzed -v scrarching <f tne Tubes at tne
vendor s firal inspection. Werk is zcortiniing on tre wrnlsmentatics ¢f an
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wltrasonic methed for detecting transverse internal discontinuities in- the
tubes. Standards containing electro-machined 1- and 5-mil-deep transverse
nctches have been prepared for establishing test parameters. Pickling and
autoclaving processes also have been improved.

The major emphasis in field testing work this month concerned the reactor
nozzle modification program for the bumper fuel element, radiography at the
PRTR, and radiography for 200-W vessel fabrication. A mobile laboratory was
put into operation. This consists of a one~-ton truck chassis on which is
mounted a closed van containing a dark rocm, film developing equipment,
instrument storage, a power generator, and a hoist. The mobile lab provides
a self-sufficient facility for expediting and improving fleld tests.

A second new wWltrasonic flaw detection test unit for fuel sheath tubes has been
placed in operation in the 31k Building. Efforts are being made tc fabricate
sheath tube ultrasonic test standards. Extrusion of a defected billet was
unsuccessful. It appears more feasible now to try to close prior machined
defects in tubing by swaging. An eddy current test also is being evaluated
with respect to ability for detection of hole~type defects.

DeForest scratch gage capabilities have been established. It was concluded
that scratch-gages, if properly -applied, can be used for strain measurements
on reactor downcamer "I" beams. Results and recommendations were reported
by memorandum.

Same further work was completed on a gamma-ray scanning method for testing
irradiated fuel elements for radial power asymmetry. Two fuel elements from

& column of metal which had a poison spline beneath it for the entire exposure
were tested. Both elements showed a 17% * 3% fission product gamma (power
generation) asymmetry. Nc further work is planned on this at this time because
of lack of time and funding. A final report will be issued.

Work is continuing towards placing the Van de Graaff electron accelerator in
the 306 Building into operation. The tank has been closed and is being checked
for leaks. A leakage rate of about six pounds per day persists. A new generat-
ing voltmeter has been ordered. Design work for building modifications which
will allow more convenient dismantling of the unit has been started.

Optics

Good progress has been made in the development of an optical mechanism for
measuring horizontal and vertical displacements of channels and process tubes
in the reactor. Design sketches for the first developmental unit have been
prepared and fabrication is about 90 percent camplete.

A total of 612 manhours of shop work was performed during the five-week period
(February 26 to April 2) included in this repert.

The work included:
Fabrication of adapters for a telescope camera for 327 Building.
Evaporation of gold on Mylar films for Radioclogical Chemical analysis.

Fabrication of 20 glass bearings.
Fabrication of three silicon solar cell pyrometers for FFD.
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5. TFabrication of adapters for a super pressure mercury vapor microscope
illuminator to be used by Ceramic Fuels.

6. Resurfacing of four pump seals.

7. Coating of ten lamps with stainless steel to facilitate inspection of
NPR process tubes. _

8. Fabrication of a flash lamp for Photography Operation.

9. PFabrication of components of the traversing mechanism for measuring
reactor channel contours.

10. Repair of four crane periscope heads.

11. Servicing the Redax crane periscope.

12. Fabrication of parts for an ultrasconic wall thickness probe.

Analog Camputer Facility Operation

The major analog computer problems considered during March include:

1. XNPR Plant Simulator.

NFR Secondary lLoop Analysis.
Two-Zone Reactor Control Simulation.
4, Gas Balance System Analysis.

2.
3

The computer operation was as follows:

GEDA 103 ‘hours up EASE 105 hours up
45 hours scheduled downtime 64 hours scheduled downtime
16 hours unscheduled downtime T hours unscheduled downtim.
12 hours idle 0 hours idle
176 hours total “176 hours total

Instrument Evaluation

Evaluation tests were conducted on the miniature organic (NE-lO2)<detegto: and
photocell probe for use in measurement of dose-rates from 5 r/hr to 10° r/hr.
The probe was quite lineﬁ; in response (voltage output change versus dose- L
rate) to greater than 10 r/hr. Non-linearities for dose-rates above 5 x 10
r/hr maysbe caused by the calibration method available which is the 12 Kilo-
curie Co®9 source. The exact positioning of the probe was exceedingly diffi-
cult in the well. The lower dose rates, to 10~ r/hr, were accurately obtained
using the electron Van de Graaff. Further tests will be conducted when the
prototype units are fabricated and assembled.

Final evaluation tests on drift chsracteristics of the 614 Building Scintilla-
tion Monitors were campleted, and a procedure was devised for proper calibra-
tion.

All twelve of the Sentinel portable scintillation, settable-alarm-point dose-
rate meters for 100 Area use were tested satisfactorily and released for field
use.

Acceptance tests were started and complete procedures prepared on a new group
of self-reading dosimeter "pencils” of the 50 r, 10 r, and 200 mr types. The
high level units are for emergency monitoring. Of the 1CC Zosimeters of the

200 mr (routine use) type, 21 percent were rejected because of excess leakage.

Previous orders from the same vendor showed only a 6 percent rejection for leakage.
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A "new" version of the commercial NMC "Gammaguard" scintillation area monitor
was calibration teste%é6 Below 1 r/hr, results were accurate to £ 20 percent
of true values for Ra dose rates; however, above 1 r/hr, saturation effects
occurred, and the unit indicated only 2.4 r/hr in a 6 r/hr field. This effect
could be dangerous.

A Nucleonic-Instrumentation-developed quasi-logarithmic response scintillation
Elevator Monitor was cslibrated for IPD and returned to service.

Advice was rendered to maintenance persommel concerning the conversion of an
o0ld model 5-fold beta-gamma hand and shoe counter from glass organic-quenched
GM tubes to Amperex metal wall, halogen-quenched GM tubes.

A radiation sensitive unit, using a Nucleonic-Instrumentation-~developed,
transistorized GM portable instrument modified to include & meter relay and a
power relay, was devised for use by the local AEC. The unit, when activated
with a radiocactive source, will actuate a gear motor used to raise the Flag
during the April 8 ceremonies honoring the selection of Richland as an All-

American City.
Pod F Lt

Manager

PHYSICS AND INSTRUMENT RESEARCH
AND DEVELOPMENT

HANFORD LABORATORIES OPERATION

PF Gast:mcs

/)
ézzigﬁﬁﬂﬂ7
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CTZEM-CAL RESEARCE AND DEVELOFMENT OPERATICN

RESEARCH AND EKGINEERING

FISSIONASLE MATERIALS - 20CC PRO:ZRAM

IRRADIATION PRCCESSES

" Uranium Oxidaticr and Fissiorn Product Velatilization Studies

The investigation of single slug "buraning" ircidenis was coniirued. Fcur-unirradiated
I & E fuel elements were heated by Induction iz a flowirg air atmosphere tc deter-
mine the mecde of melilowr,; extent of uranium reaciicn and the time versus temperature
reiationships. Two of %xze slugs were aluminur clad, two were bare. One of the

clad elements had teen purposeiy defected by drilliing a 5/32-inch diameter hole
through the cladding-

Both of the bare siugs flowed extensively upon meilting. Oxidaticn rates were about
as predicted from small scale experiments {HW-58022). e two sluminum-clad pileces,
however, behaved differeztiy. In cne, a retentive U-Al al oy formed, identified

as U-Al, by x-ray diffracticr. No uranium flowed out from the jacket and only four
percent of the urapium cxidized in about 30 minutes at temperatures above 1130 C.

In the secord experimen:, the aliloyed Jjacket fragmented as soon as it was formed.
Ancut half of the uranium flowed out of the work coil areas and onto the floor of the
container. After freezing, it oxidized over a several hcur period until ali <the
metal had been converted to oxide. Abcut 25 percent of the metal remaining within
the work czoil area oxldized. The flow of the uranium did not origirate at the point
of the defect.

These tests corfirm the conciusion made previously +that the extent of uranium oxida-
tior (and hernce of fiesior product release) of aluminum clad fuel elements can vary
from essertially rcone tc extensive under conditions postulated for rear face ircidents.

Two fissicn product releess experizents were made durirng the merth on specimens

irradfated tc 6.6 x 1017 nvi. One specime-, heated in air at 1200 C for 2L minutes,

was 88 percent oxidized ard released 99.8, 97.2, aad 2.8 percent cf its Xe, I, and

Ru contert, respectively. Trte other specimen, heated in air a+ 1440 C for ten
minutes, was $6 percent cxidized and released 99.8 perzert of its Xe. The highe

than exrected oxidatior in the first experimern® was a functior of ar ircrease in

the area-tc-weight ratio due *c flowing as irdicatad v *he lcose oxide product.

The siptereld mass produsct from *is otker rur was of pormel appearance.

NFR Effluen<s

Current latcratory research experimer:s for swudvirg disposal methods for NPR decon-
tamination solutions were completed ard the resuits pudiished in HW-68863. The
major decortaminatiorn was%e volure to bte routinely gerersted ir the NPR consis+%s

c¢f a phosthoriz azid scluticn used te clean up zarbon s<eel portiorns of the reactor
loop. Disposal of this materzal is complizated by the desire %o prevert the
prosphate icn from reaching the river a®ove anv of the rea:zters. From soil column
experiments it was found <has grourd disposal cf the waste is a feasitle method

if the 4ispoeal sits is one from whizh the grourd water moves tc a river discharge
poirt velcw 10C-F. Tke rlant :cordirates N 69,000, W L7,000 7 just north of Sable
Mcurtain) were suggzsted as a possikle _oza*icr for surh a cris.
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Reactor Effluent Treatment

The pilot scale aluminum bed facility for reactor effluent decontamination was -
operated during the month at 5 feet per minute. An attempt was made to reduce
pressure drop across the front section of the bed by drawing water at high velocity
from local areas on the front surface of the bed. This was effective in reducing
the pressure drop by about one inch of water, which is the present pressure drop
over about three linear feet of the bed. Debris collected on a 100 mesh screen con-
sisted of fly ash, fibrous material, tumble weed stems, and other unidentifiable
organic material. The fibrous material was identified in part as a fresh water
plant growth. This examination gave assurance that the material responsible for
the pressure drop was entering the water after arrival at the basin, thus should
not be of great concern in a closed system.

The adsorption of phosphorus by beds of the minerals pyrrhotite, pyrite, and olivine
was studied by comparing the results of column experiments using these materials
with the results from similar experiments using columns of 8001 aluminum turnings.
None of these minerals showed particular selectivity for phosphate ion. The
minerals adsorbed only slightly more phosphate than did the aluminum columns. After
passage of 1300 column volumes of 80 C tap water containing 0.0l ue/ml P-32 all of
these materials had a breakthrough somewhat greater than 60 percent.

Reactor Effluent Analysis

A promising method was developed for monitoring radiocarsenic in reactor effluent
water to guide water treatment processes. Continuous, current data on radio-
arsenic would be a measurement of the effectiveness of the water treatment process
for reducing both the As-76 and P-32 since these isotopes behave similarly in the
flocculation process. This measurement then would provide data for the two radio-
isotopes of main radiological interest. The monitor is based on gamma spectro-
metric measurement of the As-76 after cation exchange removal of all interferring
materials but Mn-56. By using large crystal counting techniques the Mn-56 inter-
ference can be made small. .

SEPARATION PRCCESSES

Diluent Studies

Purther characterization of diluents for Purex application has resulted in the
following arbitrary classification:

1. N-paraffin hydrocarbons, such as the synthetic dodecane, Adakane-12:. and
fractions isolated from petroleum by the urea process.

2. Non-aromatic petroleum fractions. These are remarkably alike differing
only in the quantity of their constituents. This group includes Shell
E-2342, Bayol D. Ultrasene, Supersol, Shell 16550, and Shell 82000.
Compositions range from about 60 to 70 percent napthenes and 5 to 10 per-
cent n-paraffins in E-2342 to 20 to 30 percent napthenes and 50 to 60
percent n-paraffins in the Shell 82000. Branched hydrocarbons probably
make up the balance of the compositicn. The napthene fraction is fairly
reactive toward nitric or sulfuric acid; however, the chemical stability
is not appreciably improved by a simulated cycle of acid degradation and
caustic clear up.
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3. Highly aromatic diluents such as Penola-100 and Amsco D-95-EL.

4, The synthetic alkylates produced by polymerization and hydrogenation of
short chain olefins. Most of these commercial products are apparently
copolymers and contain meny different species; however, by polymerizing a
pure monomer, iso-butene for example, it is possible to prepare a diluent
consisting almost entirely of a single species. Soltrol 170, Amsco 125,
and Amsco 450 are members of this class of diluents. They differ pri-
marily in the relative concentrations of the branched chain hydrocarbons.

Chemical stability of the paraffin hydrocarbons is expected to decrease in the
order, normal, branched chain and cyclic compounds with the difference irn stapility
between the first two compounds being less than that of the latter two. It is
believed that compounds having tertiary hydrogens are particularly susceptible to
solvent degradation and that nitration of carbon atoms having adjacent hydrogen
atoms (for enolization) is perhaps particularly undesirable. Thus, compounds made
up of -CH-CR,- groups may be particularly stable to the effects of nitration.

The theoretical basis for a choice of diluent is very helpful; however, the complex
nature of the materials (as has been emphasized in the past) points up the desir-
ability of a "use" type test.

Observation Wells

Analyses of routine samples from well 699-20-20. 6.5 miles southeast of 200 East
Area, continued to verify the low concentrations of radioisotopes in the ground
water at that location as reported last month. The average concentration is

1.1 x 1071 uc/cc (beta) which is essentially the same as that noted in February
1961. Radioisotope concentrations in well 699-26-15, 6.5 miles southeast of 200
Fast Area and 1.5 miles northeast gf well 699-20-20, are just slightly below the
routine detection limit of 8 x 10~ uc/cc (beta) at the 95 percent C.L. but have
shown a definite increasing concentration trend over the past several months. If
the increase continues at its present rate, the concentration of contaminants will
be above the routine detection limit in one or two months. The latter well is
about five miles from the Columtia River but at a location where ground water is
flowing parallel to the river. The sources of waste in this locale are Purex
plart disposal facilities and possibly abandcned scavenged waste cribs iz 200
East Area.

Dispcsal of Wastes to the Ground

A lavcratory experiment was performed to study further the adsorption of plutorium
from 234-5 Building sump waste by a bed of Florida pebble phosphate rock. Acidic
vaste was passed through a bed of the mineral until a 20 percent breakthrough was
reached, at which point the plutcnium concentration in the influent was suddenly
increased. The plutonium concentration in the effluent increased sharply ino
response to the influent concentration change and appeared to maintain aboul the
same breakthrough percentage. The results indicate rather stable proportionality
between influent and effluent concentrations under realistic operaticn conditions.

Mineral Bed Removal of Cesium

Laboratory experiments were performed in the study of the elution of cesium from a
bed of clinoptilolite. The selective adsorption of cesium by this zeolite is
known tc be related to the particular size and charge of the cesium ion. Eluticn
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experimerts were therefcre performed with ammcnium and potassium ions because of
their similarity tc cesium. A solution of ammonium nitrate is the most efficient
eluate of those tested but may be too unstable for later calcination. At 2 M
concertrations ammonium chloride and potassium chloride were found to be about 60
percert as efficient for eluting cesium from clinoptilolite as ammonium nitrate
solutions. Solutions of 2 M ammonium nitrate are more efficient for cesium elution
per mole of ammonium ion added than are 5 M solutions.

WASTE TREATMENT

Batch Calcination

Bench-scale studies of the calcination of simulated Purex high-level wastes by the
batch process were continued. Four runs were made in an induction-heated 6-inch
diameter by l5~-inch high annular pot. The objective of the runs was tc study
solution foaming and solids removal.

Fcaming during the boll-down step appears to be a function of the solution composi-
tion and concentration. Severe foaming occurred in the run reported last month.
However, in another run with the same constituents but with a 42 percent increase
in concentration of the constituents, only mild foaming was observed. The boil-off
rate in the latter run was three times higher than the run which foamed.

Ancther run was made with a solution high in phosphate and the severe foaming which
is a characteristic of such solutions. However, the foaming was effectively con-
trolled by the tangential introduction of an air sparge into the boiling soluticn
so that a mild swirling action was produced.

Tke calcined solids were remcved from the pot by repeating the process of adding’
water or nitric acid, boiling and siphoning off the resultant slurry. Iz all cases
the volume of the slurry ccllected was less than that of simulated waste soluticn
used as feed. Increasing the nitric acid concentration of the removal sclutior
from zero to two molar appears to decrease the volume of slurry collected. All of
the slurries contaired twenty to thirty volume percent solids. Foaming during

the calcire removal operations was effectively contrclled by adding a silicone anti-
foam agen<.

Waste Calcirer Feed Concentrator

The radiant heat spray calciner is being modified <o allow testing of both the
attractiveness of its use as a spray concentrator for waste calcirer feeds and the
feasibility cf channel recycle. Such a preaconcentrator is needed to reduce batch
calziner time cycles since water evaporation constitutes the largent portion cf the
heat load ir such a calciner. The channel recycle feature should simplify the
heating probhism.

The modification is an approximately 6-irzh diameter sleeve which will fit concern-
trically ictc the 8-inch diameter barrel of the laboratcry spray ca.ciner. The
sleeve has a length of four feet and is double walled with cne-hal® inch of
icsulatiorn tetween +“he walls.

in cperation, the liquid wastes will be sprayed into the top of the insulated sleeve

ard will be joined by ho: recycled gas. The heated gas will then vaporize a por+ticn
cf the spraysd liquid and the mixture will exhaust ouw of the bettom of the sleeve,
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After passing through a wire mesh screen acting as a demister-coalescer, a portion
of this mixture will then recycle through the annulus between the hot outer wall
and insulated sleeve to complete the channel recycle. The residual gas phase and
coalesced liquid proceed to additional disengaging, liquid collection, and off-gas
train auxiliaries. The purpose of both the channel recycle and spray features of
the concentrator is to minimize scaling of heat transfer surfaces by eliminating
access of solids bearing streams to such surfaces.

) Thermal Effects 1ln Solidified Radioactive Wastes

A solution to the Poisson's equation has been derived to give temperature distributions
in a cyclinder having a strip discontinuity in the bonding of calcine to container
wall. This strip discontinuity gives rise to an angular step function in the

overall heat transfer coefficient from calcine to coolant stream. Numerical values

of temperature distributions are now being prepared for various cylinder diameters,
non-bonded strip angular widths, relative film transfer coefficients, heat generation
rates, and thermal conductivities of the calcines.

Thermal Conductivity Measurements

The Line Heat Source apparatus for measurement of thermal conductivities under un-
steady state conditions was calibrated using 18-40 u glass spheres as the test
material. Using a 0.025-inch diameter source, a thermal conductivity of 0.101 Btu/
hr. £t° F/ft. was obtained as compared to C.093 determined by steady state methods.

Waste Transfer Program

A program has been outlined for developing technology necessary for transfer of both
solid and liquid underground stored wastes. Development of hydraulic mining test
equipment is in progress.

Corrosion of 30k-L Stainless Steel by Purex Acid Waste Solutions

Samples of 304-L stainless steel have been exposed for a total of 900 hours to
synthetic, 60 percent concentrated Purex 1WW solution at 80 and 95 C. The test
solution was 0.5 M HNO, corresponding to the residual acidity to be expected after
formaldehyde destructidn of nitric acid in 1WW solution. Corrosion rates were one
and five mils/mo, respectively.

Samples of 304-L stainless steel and A-55 titanium have been exposed to the liguid,
vapor, and interface of a boiling synthetic solution corresponding to the currently
proposed waste solution for interim storage. All samples have been exposed for a
total of 830 hours. The 304-L samples exhibited corrosion rates of 0.2 mil/mec in the
vapor, 3 mils/mo in the interface, and 6 mils/mo in the liquid. The attack was
intergranular in nature. All three titanium samples corroded at rates of 0.02
mils/mo or less.

Corrosivity of Phosphate-Containing Calcined Waste

Samples of Inconel, Inconel X, and 30L4-L stainless steel have been exposed at 900 C
for 2k hours to synthetic calcined waste zontaining phosphate equivalent to ths
total cation conceantration. The synthetic waste was prepared in the radiant heat
spray calciner; phosphate was added; the mixture heated to 900 C and allowed to
cool. Metal samples were exposed in the remelted mixture at 900 C. Corrosicn rates
of Inconel, Inconel X, and 304-L stainless steel were 0.8, 2.0, and 20 mils/mo,
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respestively. Metallurgical examination indicates, however, that the penetration
rate of the Inccrel may be as high as 30 mils/m.o° The 30L4-L sample exhibited
intergranular attack, and the 20 mils/mo rate is a factor of ten higher than a

rate reported for 304-L ir this same environment by ORNL investigators. Ore
exposure of type 330 stainless steel indicates that this system may be very tempera-

ture sensitive; another series of exposures 1s planned to determine if this is sc.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Streontium-90 Program

325-A Strontium Purification - Repair of the A-Cell equipment was completed, ard a
strontium-90 purification run (#3 of the series) was made during the month. Essen-
tially the same flowsheet was used as in run #2, equipment functioned satisfactorily,
and the run was uneventful--except for a difficult loading cycle caused by copious
solids in the feed. Final product elution (from column 6) was with 0.1 M HEDTA at
pH 8.8, vice nitric acid, in crder to obtair a solution more suitable for direct
loading on Decalso. About 8,000 curies of purified strontium-90 were obtained

from the run, compared to 5,000 from run #1 and 8,350 from run #2. This strontium
was loaded, with the product of the other two rums, into the BAPO-1A cask.

The feed material was identical to that of run #2 except for age; however, a differ-
ent feed make-up procedure was used in an attempt to minimize ammonium ion corccen-
tration and thereby improve-loading capacity. The procedure, which involved clarifi-
cation with HEDTA and ammonia alone (rather than solids dissolution with nitric

acid followed by ammonia neutralization and HEDTA complexing), had been piloted ir
B-Cell on small volumes of feed followed by successful loading onto a 100 ml ion
exchange column. In feed makeup for run #3, however, much larger vclumes of HEDTA
and ammonia were required and complete clarification was not obtained, implying that
the small samples were not truly representative of the solids in the storage tanks
{presumably because of a small diameter sampling line). The large amounts of HEDTA
and ammonia which were required resulted in an ammonium ion concentration, and hence
a strontium capacity, about the same as in run #2. Although all of the feed was
filtered, as an added precaution, prior to introduction to the columns, pressure
drop across the columns was excessive and column plugging finally necessitated pre-
mature termination of loading and initiation of the elution cycle while scme 80
liters of feed remained.

Strontium Cask Filling - The HAPO-1lA Decalso-insert cask was successfully fillied

{for transfer to Oak Ridge) with the purified strontium product from rucs 1, 2 ard 3.
Filling was uneventful except for difficulty with air in-leakage around the Snap-
Tite fittings. Twenty thcusand zuries of s*rontium-90, represerting 93 percent of
that passed through the cask, were loaded onto the Decalso for shipmrent

Nine gallons of 30+ mesh Decalso was slurried irn*o the cask {ten gallcn void) ard
pretreated with six bed volumes of & M NH,NO; and water washed. This treatment,
with strontium loading from an ammonium-neutfalized rather than caustic-neutralized
sclution, was requested by Oak Ridge in order to minimize sodium ccntent of the
eluted strentium, a recommenda*icr vased on recent evidence *hat even small amcunts
of sodium are deletericus to strontium titanate production. Lakoratcry studies
with synthetic 325-A product showed *hat strontium is less readily atscrted from
amrorium sciution than from sodium by a factor of abcut twec. This fact, and the
relatively small !nrine gallon) volume of the Decalso, made lcading the customer's

-
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required 20,000 curies of sircntium-90 margiral, even when advantage is taken of
kigh dilution and elevated temperature (bvoth of which aid absorpticn). Further
experiments to define a flowsheet showed that capacity is maximized and loading
time minimized by a step-wise loading scheme whereby loading is carried out at
relatively high conceniraticn till incipient dreakthrough is reached follcwed by
loading the remainder at high dilution. It was also found that strontium is
absorbed on Decalso at even higher capacifty if elution from the isolation column
(ir the lon exchange purificatiocn prozess) is dons with EDTA or HEDTA, rather than
nitric acid, and neutralized to a low pH (two to four) for absorption on the
" Decalso. HEDTA works best. A further advantage of HEDTA is that copper is not
absorbed on, and indeed is eluted from, Decalso by acidic HEDTA. Use of the EEDTA
elution and loading scheme assumes, of course, that the cask is available wker
elution occurs since the HEDTA cortaining soluticn undergoes radiation induced

decomposition on standing.

Ammonis neutralization and step-wise dilution was used for the (nitric acid) product
frem runs 1 and 2, followed by HEDTA elution and loading of the product of run 2.

Rate of Gas Evolution from Strontium Concentrates - A series of measurements were
made of the rate and composition of radlolytiz gas generatior from strontium con-
taining solutions (because of the applicability of the data to storage and shipping
problems). Solutions studied included (1) 200 gallons of F-8 Purex concentrate
stored in a 250 gallon shipping cask, and {2) 10 gallons of purified stror“ium con-
centrate (run 1 and 2 product) stored in a 40 gallon cask. The 250 gallon cask
contained about 20,000 curies of strontium-90 arcd 200,000 curies of cerium-1LL, plus
8.5 g/1 iron and 4 g/1 lead {mostly precipitated) at pH 2 to 3. The 40 gallon cask
contained 13,500 curies.of purified strontium-90 in 2 M nitric acid. Tctal fission
product decay energy was about 1,400 watts irn the case of the 250 gallon cask and
120 watts for the 40 gallon cask. Rate of gas evolution from the 250 gallon cask
was about 500 to 600 cc/hr, or O.4 ce/watt,hr. That from the purified stronium
was 150 ce/hr, or 1.2 cc/watt,hr. These figures may be compared with a calculated
value of 18 cc/watt,hr if all of the energy is assumed to produce gas with a G
value of 2 molecules per 100 electron volts. In practice {because much of the
decay energy is dissipated in other ways), it would be expected that the observed
values might be an order of magnitude lower; i.e., atcui 1.8 cc/watt,hr, iz reason-
able agreement with the observed rates. The gas issuing from botk casks coxtaired
hydrogen and oxyger in a 2:1 ratic and was explosivsa,

Latoratcry Solvent Extraction Studies - Further mini-mixer settler rurns <esting
flowsheets for solven®t extractior recovery of stroztium from Purex plant ":orude
cut" scluticn were made in the 222-S Builiing cubicls. Two 1A cclumn runs were
rade at 10 percent full ievel activity. Feed for these runs was prspared Lv
diiuting plant crude zut solutiorn with a syntheti: zrude of approximatsly tis
same gross salt coxposition.

Feed for Zhe first run was made 0.15 M EDTA and 0.40 M sodium acetate and adjusted
=0 pH 4.3 by additiorn of ar EDTA-sodium azstate-NaOH stock solution; the scrut for
thiz rur was 0.5 M NaNO--0.02 M EDTA at pE 3.6. Feed for +the second rur was aiso
0.15 M EDTA and 0.40 M Sodium acetate but was adjusted to pH 4.7. The sarut in ths
sezond run was 0.6 M citric acid at pE 2.6. The extractart iz “oth runs was 0.2 M
DZEHPA-0.2 M TBP-Shell Spray Base no* previously washed with either taustic or -
nitriz acid. Seven ex*ractior and five szrub stazes were used ir bcth runs. Flows
corregponded to those ¢f Stuiy Flowshzet Ne. 2.

1230038 DEGLASSIFIED =



== DEGLASSIFIED .. e

Hydrauiiz performance of the mini-mixer settler was excellent in the run with the
sodium nitrate scrub. Intermittent flooding occurred to a small extent in the
second run but did not seriously interfere with minl operation. The pH of the
aqueocus raffinate in the flrst run was 4.3 while in the second run the raffinate

pH was L4.5.

+rontium recovery was excellent in both runs. Less than O.l1 percent of the
strontium was lost to the 1AW stream in the run with the sodium nitrate secrub and
about one percent in the run with the citric acid scrub. Gemma emitters in the
organic product samples from these runs were determined by gamma scan technigues
after prior removal of the strontium-89 and -90 by a double precipitation with
fuming nitric acid. Based on such analyses, the cerium decontamination factor in
+he first run (NaNO, scrub) was about 11 and the Zr-Nb decontamination factor was
about 1200; cerium aecontamination factors in runs at tracer level using the same
flowsheet ranged from 10 to 15. The cerium decontamination factor in the run with
the citric acid serub was about 22; the Zr-Nb decontamination factor was about
3000 in this run while the Ru decontamination factor was greater than 200. The
cerium results compare very favorably with the decontamination factor of 24 obtained
in tracer level rumns using the same flowsheet.

The flowsheet used in the second run is favored over that used in the first run

not only because higher cerium decontamination is obtained but also because the
organic product obtained with a citric acid serub at pH 2.6 contains less sodium and
consequently constitutes a more acceptable feed to the 1B column. Accordingly, at
month's end these flowsheet conditions were used in a 20-hour A-column run at 40
percent full level activity to produce sufficient organic product for a six-hour
B-colum run. Analytical data from these last runs are not yet available.

Ion Exchange Separation Studies - A small (1 cm x 62_cm) ion exchange c¢olumn is
Yeing used to study ion exchange treatment of the 1B column product stream for
further purification of strontium. Biorad Dowex SOW-X 12 resin is used. In a run
to determine cerium decontamination, the column was loaded to about 50 percent
capacity by passage of a feed solution containing 0.0625 M Sr - 0.0075 M Ca -
l O M citrate and traced with Sr-85 and Ce-1l44. The column was washed with 1.0 M
itric acid (pH 3.0) and with water and then eluted with 3.0 M NaNO, previously
adjusted to pH 11.0 with ammornium hydroxide. Elution with three bed volumes
removed 71 percent of the stromntium at an average concentration of 0.055 M ard
with a cerium decontamination factor in excess of 350. Further elution with ore
and one-half volumes of 1.0 M sodium citrate at pH 11.0 remcved an additional 15
rercent of the strontium. )

Hot Semiwcrks Operation - Work at Hot Semiworks has moved into a cold testing
pericd after completion of work by comstruction. Testing conducted or a three-
shift basis included acid and water flushes of equipment followed by solvent
extraction flooding tests. Column flooding performance met expectations as pre-
dicted from other development work. Minor equipment adjustments are continuing
throughout the =0ld tests.

Instrumentation in Support of Hot Semiworks - The shielding and collimators fer
The gamma scintillation probes have been redesigned to handle the radiaticrn levels
expected during strontium recovery runs. High intensity ion chambers similar to
those designed for the cesium-1327 isolation facility are also being fabricated for
instaliation in "B" cell for measuring gross gamma activity directly ia process

lires. Tke pH monitorirng systems have been installed and are ir cperation on
current "cold" rums.

1230035



pr— | 0-9 HW-69052

Strentium Cartcna*e Filter Cask - Consiructicn c¢f the full szale strontium carzon-
ate filter cask simulator is now 90 perzert complete. The finished urit will be
availabls for mockup testing at Hot Semiworks ir early April. "Practical"

strontium carbonate synthetic products wers prepared for Van de Graaff radiolysis
studies.

Developmen: cf Closures for Shipping Casks - Performance of "Snap-Tite" fittings
and a Pacific ball valve to be used on HAPO I, IA, and IT fission product shipping
casks was evaluated in hydrostatic and steam bomb tests. In general; "Snap-Tite"

" fitting leaked at low pressures but held at high pressures (1000 psig). The
pressure activated "Viton" seals appear suitable for temperatures to 400 F. The
Pacific ball valve after installation of new Viton seals, held from zero to 1020
psig at room temperature and zero to 75 psig at 350 to L4LOO F.

In other closure development studies, 2-3/L inch unlubricated stainless steel "O"
rings sealing screwed type stainless steel surfaces, failed at pressures over 1CO
psig. Molykote lubricated "O" rings withstood 1200 psig hydrostatic tests bu
failed at 500 F with Molykote burning. A 2-3/L inch stainless steel "O" ring
seating stationary, non-rotating faces withstood 1000 psig hydrostatic test but
failed at 300 psig, 40O F.

Natorq and Conoseals (one inch) were steam bomb tested at 300 to T0O psig and 200
to 700 F and showed leakage rates of less than 1.5 x 10-2 cc/hro, based or bomb
water loss.

Bulk Fission Product Packaging - A full scale {for 50,000 strontium-90 curies)
development model of the filter canister shipping container has been tested using
strontium peroxide as a filterable intermediate to strontium oxide. Initial

results confirm that the equivalent of 50,000 curies strontium-90 can be depcsited
in a four-inch diameter by 18-inch long canister containing an integral twc-inczh
diameter filter stick. The filter canister approach permits bulk packaging of
filterable and convertible fission product compounds without necessitating powder
hardling. The customer can employ either wet or dry chemistry for further processing.
Tests employing cerium and rare earth oxalates {convertible to oxides at reasorabie
temperatures ) are planned.

Iz cther work, strontium nitrate solution has been evaporated to dryvness and cal:inzd
*o thz cxide ir a small vessel suitable in size for a shipping container. Tre
nstessary freeboard for boiling and foaming during the reactions was provided tr a
removable disengagirg space ard vapor line, but the practical maximum of wazerial
that zan be handled at one time is approximately 500 grars of SrO {30,000 curiez !

in a two-inck diameter canister. The calcined oxide =s derse, hard, ard adheres
Tigatly to the vessel. It can be disintegrated to a crumkly powder by reacting

with stsam at 150-200 C, forming Sr{OH),.

Ceriur oxalate {soclid) was easily calcined tc cerium oxide in a shipping-canister
calziner by heating above 350 C. The reactior was quiet and required no free-
toard. The product had a tap density of 1 g/c: and was probably a mixture of
Ce203 and CeCz. To prevent pressurization of shipping corntainers it will re
recessary tc halt ths dercmposition at cerous oxide. Ceri: oxide would produss
oxygen as the carium(IV) decays to form trivalent rare ear<h cxides.
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Solid Strontium Product - Filtration characteristics of Sr0,-CaO, precipitated
from simulated iorn exchange product solution were studied. The chief variables
affecting filterability were terminal pH and the rate of caustic addition. A slow
~austis addition rate to a terminal pH £11.5 produced an easily filtered product.

Thermal decompositicn studies of strontium peroxide were made at 350, 370 and 400 C.
After one-half hour exposure at temperature, the residual peroxide content (calculatec
as 3202) was 0.23, 0.023 and 0.007 percent, respectively. An additional one-half
hour exposure produced no change in the sample heated at LOO C whereas the peroxide
content of samples heated at 350 and 370 C decreased ten and two-fold, respectively.

Electron diffraction studies show that strortium titanate is formed when Sr02-H2T103
precipitates are ignited at 400 C. Production of a filterable Sr0p-HoT103 precipi-
tate requires that HyTi0, be formed by hydrolysis of ’l‘iO(NO3)2 at 100 C rather

than by addition of ca.us%ic°

Determination of Cerium in Strontium Samples

The determination of cerium-14l4 in the presence of strontium-90 is difficult because
of the intense beta activity and bremstrahlung of the strontium and its yttrium
daughter. A rapid, sensitive, and novel method has been developed which eliminates
this difficulty. The sample, in nitric acid solution, is passed thrcugh a small
column packed with a mixture of anion exchange resin (Dowex-l) and lead peroxide.
The lead peroxide oxidizes the cerium to the (IV) state and it is absorbed by the
resin while strontium, yttrium and any trivalent rare earths which may be presert
pass through. The cerium is eluted with hydrochloric acid and counted. Decon-

t ation factors from strontium and yttrium (and trivalent rare earths) exceed
10%. The new method has been introduced into the HLO and CPD analytical laboratories
and should eliminate a seriocus bottleneck which was troubling development and
demonstration cof the HSW solvent extraction process. I%t should also prove valuable
in determining cerium contamination in purified strontium product.

Determination of Neodymium

The feasibility cf neodymium determination in zold semiworks strontium recovery
samples was demonstrated. The copper spark method, useful for cerium analysis, was
applied to reodymium thrcugh selecztion of an analytizal line at LL4LE.L angstroms.

That Zir2 is not the most sensitive but is free from irterfererce in this agpplicaticrn.
Determinatior of 0.004 g/l of neodymium was azcomplished with a coefficisnt of
variation of *12 percent.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Determination of Nitrate by Controlled Porential Coulcmetry

L.R. Duncan gave the surject paper at the 139th American Chemiral Society National
reeting.

Low Concentration Thorium Analyses

Prelimizary resulits from the interzomparison of therium determirations by emissicn
srectrcgreph ard neutror activaticr analyses and from comparison of determiration
cf repliate sampies Ly activaticr analysis have disclosed discrepancies amcun+ing
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tc nearly a factor of two in some samples. In about half of the cases the agreemen*:
ras been within 20 percent. Additional work with control standards and replicate
analyses is currently ir progress to reduce the uncertainty of the methods and tc

resoclve the existing discrepancies.

Ar approximate sensitivity of 1 x 10‘h/ug was determined for the analysis of Th-232
"y the activation analysis method currently used. This figure 1s based on the
quantity of Th-232 (per sample) necessary to give a counting rate of twice background

at the 0.3l Mev gamma pesk of the Pa-233 daughter of the {n, 77) produced Th-233.

EQUIPMENT AND MATERIALS

Continuous Centrifuge

The 6-inch continuous centrifuge has been operated for process testing with a feed
slurry of freshly precipitated cerium oxalate (stand-in for plutonium oxalate),
approximately 95 grams of solids per liter, at a feed rate of 400 ml/min° The solids
product contained 63 to 68 percent solids under nearly all combinaticns of speed
{6000, 4000, or 3000 rpm); pool depth (1/3 inch or 3/8 inch); and conveyor speed with
respect to the bowl (1 percent or 0.25 percent of the bowl speed). At 5000 rpm and
1/8 inch pool depth, the product contained 50 percent or less solids. At 4000 rpm
and conveyor speed of 10 rpm with respect to the bowl, the conveyor flights plugged
because the solids were not removed rapidly enough from the vicinity of the feed
ports. At 3000 rpm, the solids discharge nozzle became plugged with product after

30 minutes of operation. The equipment manufacturer claims that in similar tests

at the plant he had producedproduct with 85 percent solids. The feed rate during
those tests was about 1000 ml/min, or 2-1/2 fold greater than used here.

‘Further testing is underway to check the effect of feed rate on product gquality.

Agitation Studies

Mockup agitation studies of the Purex 3AF annular tank were completed. Phenolph-
thalein indicator was employed to visually follow the neutralization of acidi: or
alkaline solutions in a lucite tank. It was found that mixing times were little
affected by sparger air rate, intimate blending being accomplished in 2L secords
with 1.5 scfm and 18 seconds with 19 scfm. Pump recirculation at 25 gpm reguired
2.5 minutes for homogeneity.

Non-Metallic Materials

Four differert transparent materials were tested in a mixture of 25 perzent dibutyl-
butylphosphonate and T5 percent carbon tetrachloride. Three of the materials were
undamaged. These were Plexiglas UVA, Homalite Cr 39, and a Teslar-Plexiglas
laminate. The fourth, Plexiglas 5009 was damaged severely after one day and dis-
irtzgrated after one week.

A sample of Gusco paint was tested in 60 percent nitric acid at 37 C. The zoatirg
faiied completely after 2C hours. @Gusco is a hot spray epoxy system.

Samrples taken from a spare Purex centrifuge cushion ring have been exposed to dry

heat and the change in hardness noted. After 36 days at 90 C the hardness had
increased from 60 to 85 Durometer C. This is a marked increase in hardness and
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REACTCR DEVELOPMENT - LOOO PROGRAM

FLUTONIUM RECYCLE PROGRAM

Salt Cycle Process

Hot Cell Experiments - A run with irradiated feed was made for the purpose of
testirng a higher temperature in the by-product deposition step and the effect of
_ dry air atmosphere on the product deposition step.

Dissoluticn of the irradiated U 08 proceeded uneventfully. However, a tighter
fitting 1id was used over the véssel during this step than had been the case in
earlier runs. Activity collected on the cell exhaust filters was lower by a
factor of ca. 10 then had been the case in the earlier runs.

Corduct of the by-product deposition step at 800 C (vice 750 C in earlier runs)
vielded decontamination factors of ca. 140 for plutonium, ca. 600 for cerium,

za. 1600 for other rare earths, and ct ca. 1600 for strontium. These results are

quite comparable with those obtained in earlier runs with the exception that the
terium decontamination was slightly improved and the piutonium decorntamination
factor was slightly worse. However, it may be noted that the removal of 15 per-
cent of the total melt uranium with a plutonium decontamination factor of 1LO
corresponds still to removal of only ca. 0.2 percent of the melt plutonium in the
ry-product. ’

The product deposition was made under conditions duplicating those of earlier

runs except that the air employed as the sparge and sweep gas was passed through
a drying tower packed with "anhydronme." About 46 percent of the uranium which
had beer in the melt before the by-product, product sequence was removed ir this
step. Analysis of two samples of the product deposit showed tha*t, relative to the
salt phase at the start of this step, plutonium had been enriched by factors of
1.32 and 1.48. Fission product decontamination factors were ca. 2 for cerium,

7 and 8 for other rare earths, and 130 and 250 for s*rontium. Once again, *he
cerium decontaminatior represents the only perceptible change, being atcut twize
that of earlier runs.

Difficulties were encountered in analyzinrg the moisture content of the "dried"
alr, and it is not kncwr to what degree this drying teczhnique was successful.

Plutoniur Behavicr - A visitle zathcde deposit was achieved on slectrolysis of a
RaCl-KCl-1 w/o PuCl, system urder dried air. The deposi* was very fine and
fragile and dissolvZd rapidly ir 8 M HNO3 -0.1 M HF. Aroutr four perzent of the
=otal addsd plutcrnium was fournd on the cathcde af*sr i*s removal from the mel<«.

Electrciysis of a NaCi-KC1 - 1 w/o UOCls - 1 w/o PuCly system gave results scme-
what teclouded because most of the deposit fell off the catkode. However, the
Pu/U ratic ir the frastion of the deposit remairing on the cathode was atcur Tan
perzent higher than +that of the initial melt.

Suzk observaticzes are slowly bringing elsctreophcrenic prozesses to +ths ferafront
ir speculaticz relsting to the manner of incorpcra*tion of plutoniix in elez“ro-
depcsited UCs.

1230040 DECLASSIFIED e



— DECLASSIFEw o

Electrolyses of NaCl-KCl—UOQClg—PuCl3-CeCl3 systems under "by-product" conditions
(oxygen-free, moisture-free, anode-generated chlorine gas blanket) with the cathode

"driven" at high cathodic overpotentials gave the following results:

Cathode Potential

(vs Ag/AgCl reference cell) Pu DF Ce DF
- 1.45 volts 37 31
- 1.7 volts 18 21

Under these conditions over 60 percent of the uranium remaining in the melt after
electrolysis for 2-1/2 to 3 hours was found to be uranium(IV) on dissolving the

melt into aqueous solution.

The foregoing observations confirm a suspicion that the M(III) ——> M couples for
plutonium and rare earths may be too close in potential to achieve any selective
removal of rare earths from plutonium. Deposition potentials of the other rare
earths lie between cerium and plutonium.

Manner of Growth of Electrodeposited UO» - Exploratory studies of the effect of
gaseous atmosphere on the manner of growth of electrochemical U0, deposits have
been largely completed. Results are as follows:

Rate of

Atmosphere Deposition Deposit

Dry He Very slow Polycrystalline deposits having very smooth
(polished) surface. Grain boundaries not
visible or barely perceptible on surface
(without preparation) measured density 10.76
g/cc (98 percent of theoretical).

Dry air Very rapid "Mace" composed of "Christmas tree” or "spear-
point"™ crystals in radial orientation. Indiv-
idual spear-point crystallites as much as 8
mm long.

Cls High current but Smooth but unpolished surface. Grain tound-

low net deposition aries barely discernible on surface.
rate

Moist He Fast Irregular surface. Deposit has "amorphous"
appearance.

Cl, + air Moderate Smooth but unpolished surface. Grain rourd-
aries visible because of exposed =rysial
faces of different "sheen."

HCl + air Moderate Tightly cemented crystals of substantial size.

"Faceted" surface composed of many slightly
tilted planar crystal faces.
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The foregoing were all grown out of NaCl-KCl melts containing ca. 12 w/o uranium
and cn a platincum "pin point” cathode and, despite the fact that the electric field

is non-symmetric, exhibit spherical symmetry.

Perhaps the most interesting type of deposit is the very dense deposit achieved by
electrolysis under dry helium. Although polycrystalline, void volume 1s low, as-
irdicated by a bulk density (measured by displacement) about 98 percent of theoretical
UOo crystal density (10.76 g/ce via 10.9 g/cc). Other properties of interest

~ include O/U ratios of 2.0015 to 2.0048, total alkali metal content of 100 to 200

ppm and chloride content of ca. 80 ppm.

Growth under the same conditions but on a platinum wire about one-inch long in a
ron-symmetric electric field yielded a "sausage" of approximately cylindrical shape.

Studies of KC1l-PbClp Systems - A study was made of the effect of K/Pb ratio on the
properties of electrodeposited UO,. The depositions were all made out of a melt
containing 10 m/o uranium and at 600 C. Potassium to lead ratios of 1, 1.5, 2.0,
and 2.5 were studied. The UO, deposits from all these melts were very similar.

. Oxygen to uranium ratios were less than 2.0l in all cases. Lead contents varied
from ca. 500 ppm at K/Pb ratios of 1 and 1.5 to ca. 200 ppm at ratios of 2 and 2.5.
Sieve—ghalyses showed 10 to 20 mesh, ca. 50 percent; 20 to 35 mesh, ca. 25 percent;
35 to 60 mesh, ca. 15 percent; 60 to 100 mesh, ca. 6 percent and Ego—E percent less
than 100 mesh.

Variation of temperature likewise had little effect on the properties of U0, electro-
deposited out of 2KC1-PbCly. Products made at 500, 550, 600, 650, 700 and 750 C

all exhibited 0/U ratios less than 2.006 and with the exception of the products at
700 and 750 C lead contents less than 500 ppm. At 700 and 750 C the lead impurity
was ca. 1000 ppm. Build up of soluble uranium species of lower oxidation state was
aprreciable at 650 to 750 C, uranium (IV) contents of aqueous solutions prepared
from the residual melts being equivalent to 16, 22 and 30 percent of the total
uracium at 650, 700 and 750 C, respectively.

Tke deposits made in the KC1-PbClo systems are all of the "mace" type, consisting

cf large and well-formed crystals. The indication is that larger crystals are
favored by higher uranium concentrations. No indication has yet been seen of any
inherent cut-off point. Individual crystals of 0.200 to 0.380 grams have been growr
on single day shif't operations. The single experiment to date in whiczh the apparatus
was allowed to run overnight produced individual crystals of the order of 0.5 grams.

Cherical Decladding - The use of chlorine-nitrogen gas mixtures was investigated

for decladding UOp fuels clad with oxidized Zircaloy. In tests made on oxidized
Zircaloy coupons at an initial temperature of about 415 C it was determined that

the reaction rate and therefore the temperature of this highly exothermic reazticn
could be controlled by adjusting the gas flow rate and the nitrogen-to-chlorines ratioc.

Two oxidized Zircaloy-clad fuel pins containing UOp were declad in a Vycor reaction
tube. In the first run the initial nitrogen-to-chlorine ratio in the feed was 4 to 1,
with a gradual decrease to 1 tc 1 during the run. The UOp was exposed but not com-
pletely declad in 2.5 hours. The failure of the reaction to go to completior is
attrivuted to condensaticon of the ZrCl) product on zooler parts of the reacting
surfaze. In the seccend run the initial nitrogen-to-chlorine ratio was 1 to 1; after
ore hour of operation it was decreased to 1 to 2. The maximum temperatures observed
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adjacent to the pins during the first and second parts of this run were 535 C and
645 C, respectively. All the cladding except for a small part of ome end plug was
removed within 2.5 hours. In both runs part of the ZrCly condensed on the walls of
the reaction tube and contained about 0.l percent U.

Engineering Studies - Molten salt was recirculated between two 20-liter salt baths
by means of gas lifts. The uninsulated dual gas 1ift system was made of fused
silica and was tested with air and equimolar NaCl-KCl at 750 C. Steady state
operation was maintained for 30 minutes with 15 to 20 inch 1lift and a 15 to 10 inch
depth. Because of its self-adjusting nature, the gas 1lift system maintained
equilibrium liquid levels in the two baths during the operation period.

Continuous Ion Exchange Contactor Development - Jiggler Contactor

Search for a simple device to provide a net one-way flow of resin under pulsed bed
conditions has led to the design and application of two check valves in the pulser
chamber of the Jiggler. These valves in combination with the pulser provide the
basic elements of a pump. Initial experimental evidence indicates that the resin
thus moves with a positive displacement action. The resin "pump” appears to have
eliminated the necessity of having dense bed conditions above the pulser chamber to
provide necessary driving force to propel the resin. The new valves are simple and
appear to be dependable. The only moving part is a small plastic sphere which is
activated by the hydraulics of the system.

Tests of several hours duration each, with no process liquids being pumped through
the system, demonstrate that both 20-50 and 50-100 mesh resins can be readily pump
through 4-inch glass pipe. The smaller particle resin moves easier than ‘the larger.
Slip water, under these conditions, was negligible in both cases. The quantity of
resin moved appeared to be directly related to the amplitude-frequency product.

The new pumping arrangement developed 40 psig while recirculating the 20-50 mesh
resin through a column comprising & combination of 4-inch glass pipe and l-inch
plastic tubing to a net height of 15 feet. Considering a flowsheet for a plutonium-
anion exchange system with a feed flow of 1.5 liters per minute, this pressure is
several times greater than the back pressure that would be imposed on the system by
countercurrent flowing process streams.

RADIQACTIVE RESIDUE FIXATION

Meltable Waste Solids

Because of current interest in continuous melt pots for waste calcination, or for
the re-melting of powders, additicnal work was done on the rate of decompositior
of sulfate in sodium sulfate based systems and on the melting range and fluidity
of phosphate systems.

The rate of thermal destruction of sulfate in fluid sulfate melts containing a 5:1
atomic ratioc of sodium to iron was measured as a function of surface to volume ratio.
It was found that most of the sulfate is expelled during the early stages of heating
but that the process is inhibited as a crust of ferric oxide forms. Thus the
reaction is, in practice, dependent or the surface to volume ratio.

Melting point and "drip temperature" measurements were made on synthetic wastes
containing 1.82 M Na, 0.45 M Fe, 0.06 M A1, 0.043 M Cr, 0.034 M Mn, 0.020 M Ni, and
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phosphate ranging from 50 percent to 125 percent of stoichiometric. Only those
systems containing at least 80 percent phosphate melted. The 80 percent phosphate
sample melted at 1000 C, and those with 92.5 percent {or more) phosphate were fluid
at 900 C. Drip points decreased from 962 C at 92.5 percent phosphate to 778 C at
125 percent. Qualitatively, however, fluidity decreased as phosphate increased.

Spray Calcination

Additional runs were made in the calciner to further test the ceramic cloth filters;
" perfect off-gas sampling methods, and obtain data on the de-entraicment effectiveness
of the various units in the off-gas system. The cloth filter has continued to
operate well and with very low pressure drop. Also, the jack-leg unlt has shown znc
tendency to hold up large amounts of powder. The de-entrainment factor across the
filter was 1000, that across the condenser was 100, and across the scrubber 1.3,
for a total for the system of 1.6 x 10°. Post-run cleaning of the filters and
colum by water flushing seemed to work quite well.

Tests were made of Nucerite coating (a high temperature ceramic glaze aprlied to
metals by the Pafauder Chemical Company) botk for spray calciner application and

. for use on waste storage containers. Some softening was observed in all tests, and
it appears unsuitable for heat transfer surfaces. However, the material might be
quite useful for normal processing equipment and on waste containers which are
heated for only a short time.

Mineral Reactlons

Equilibrium distribution measurements were made to compare the adsorption of cesium,
cerium, and strontium from synthetic Purex 1WW waste by a commercial phenolic resin,
a synthetic zeolite, and clindptilolite. Clinoptilolite was superior for cesium
adsorption in the pH range studied; from pH 2 to 10. The phenolic resin had a
significantly improved Ky at the high end of the pH range, consistent with previous
experience that indicated optimum cesium adsorption above pH 12. Further measure-
merts at higher pH are being made. The Ky measurements for both cerium and strontium
were somewhat anomalous and difficult to interpret. However, the phenolic resin
seemed to give the highest cerium K3 values in the lower pH range of the three
adsorption materials. The removal of cerium from solution at a higher pH was the
greatest for clinoptilolite systems. The strontium distritution coeffizierts
measured were essentially the same for all three adsorbers.

Condensate Streams

The low capacity cf sulfonated polystyrene resin for Cs-137 in Purex tank farm coz-
dersate was found to be the result of ammonia in the condensate. Concentraticns

of ammonia as high as 0.013 M were measured in samples of this waste; recertly scxe
fissicn product recovery waste containing about 0.8 M NHL* had been added to the
waste storage tanks. The ammecnia 1s vaporized from the basic salt waste arnd appears
ir the condensate; about half of the condersate is recycled back to the waste tanks
g0 it ftakes a significant time to clear the ammonia from the system. The possitilitv
of other sources of ammonia, such as radiclysis, is being considered. In latkcratory
colum experiments;, fifty percent breakthrcugh for NHu+ and Cs* was a*tained after
150 and 240 column vclumes, respectively, when condensate containing 0.013 M NHh+

at pH 3 was passed thrcugh a bed of resin. For a different tatch of condensatz corn-
taining 0.0083 M NHu+, 50 perzent breaskthrough for NHh+ and Cst was attaized at

230 and 340 zolumn volumes, respectively.
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Miaro Pilo* Plant Runs 14 ard 15 were desigred %o explore +he ability of a syntker
cation exchange resin {Amberlite IR-120) in the hydrogen form for removing radio-
isctopes from Purex Tack Farm condensate having an adjusted pH of 2.5 to 3.5. The
acidified waste was passed through activated cartcn to remove organic matter before
passage through the resin. Run 14 was prematurely terminated because the resin
column became plugged with precipitated iron hydroxide formed after teirg dissclved
ocut of the carbon column. Acid scluble materials in the carbon were leached out with
dilute nitric acid before starting Run 15. During Run 15 abtout 1200 liters of

the acidified waste were treated. Radicchemical analyses showed that little or no
radioisotope removal was ottained during the test.

Efforts to explain this poor performance resulted in the identification of ammeoria in
the Purex Tank Farm condensate in concertrations ranging from 0.004 M tc 0.013 M.

The presence of this base explairs the failure to achieve the expected decontamiration
during Runs 14 and 15. Samples of feed for Runs 11, 12 and 13 were also analyzed

for ammonia; it was present in amounts varying from 0.0JZ M to 0.004 M.

BIOLOGY AND MEDICINE - 6000 PROGRAM

Geology and Hydrology

The Corps of Engineers, Seattle office, agaln began explorations at the dam site at
river mile 348. Coring is achieved by means of rotary (coring or diamond-drill)
machines, following which, at periodic intervals, the casing is driven to hole bottom
by churn drill machines moved over the hole for that specific purpose. One hole

was reported drilled to a depth of 90 feet; a second was begun. Materials encount L
were sands and gravels, as predicted.

The log sheets of the airborne magnetometer survey of the Hanford Works and vicinity
made in 1959 by the U.S. Geological Survey were received. Preliminary interpretaticn
confirmed the southeastward extension of the Gable Mountain anticline to about a
mile south of Ringold. The deep basins in the basalt southeast of 200 East Area and
beneath 100-B Area were further confirmed and profiles obtaired. An anticlire,
previcusly unsuspected, evidently lies beneath 100-F Area and 100-N Area and passes
south of 100-D Area. It dies out to east and west without achieving surface
expression. The depth of its crest is not known. The anticlirme is believed, hcw-
ever, to have folded the overlying Ringold beds sufficiently to have influenced the
location of one or more old river chapnels in tke Rirngeld formation surface ncrth

cf Gable Mountain. It also may have thereby influenced the location cf tcéav's
river channel near 100-D and 100-H Areas and protably affects grcund water movement
in the area bcrdered by 100-K, D, E and F Areas.

Methods were sought acd studied for reducing the :omputation time required for
pumerical solution of nor-linear differential equations. Muzh of the theoretical
development of ground wa%er flow results iz models of this form, whizh are pro-
hibitively expensive to solve by conventional me*kods. Procedures for reducing
three-dimensicnal protlems to two dimensions were tes*2& and me+thods for steeding
up iteration convergence were investigated. None of thcse tested showed oxvious
superiority for application to grcuri water prcblems. Amorg the methcds studied
for improving iteration convergence were “he Shcrtley-Weller L-point, 9-point,

and 15-point rethecds; the bourdary cor*raction method; ard zeveral matrix methcds.

The computer program for rumerical sclu+ticr of unsavuratad flow prcolems suc:ess-
fully computed the incremental develcrment of a wetted so:l vclume beneath an
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axial leak ir a waste tank for the case of porous, homogenecus scil o the point

. a* whizh 15,0C0 ga.lons of liquid had entered the scil. After the program has

“Jeer suczessfully tested for the homogeneous soil case to a polnt of somewhat
greater liquid release it car be applied to more realistic heterogenecus soil

cases. The ccontirued development and testing of this computer progrem was curtailed
for budget reasons, but work has continued at a reduced rate with preparatiocn of

a program for steady flow systems.

. A *emperature probe capable of measuring to 0.1 F was obtained to permit a tempera-
ture survey of the ground water underlying Hanford Works. The distribution of
temperatures may well provide additional information regarding the mcvement cof

ground water.

Scil Chemistry and Geochemistry

The polymerization which occurs in litharge and glycerol mixtures was utilized in

the latoratory as a bonding agent for powdered zeolites. A method was sought for
preparing these materials for application to laboratory column experiments. Several
other bonding agents were examined, including sodium silicate, ethyl orthosilicate,
and a number of gels. All of these were found to have some unsatisfactory character-
istic for laboratory application, such as undesirable wetting properties, instabilii‘y
in hot water, or lack of chemical resistance. The glycerol-litharge cement is stable
in zold to boiling water, ten percent mineral acids, and mildly alkaline soluticns.
Prolonged contact with strongly alkaline solutions eventually depolymerizes <he
cement.

On the basis of equal weights of zeolite, the exchange kinetics of powdered cli nop—
tilolite zemented with glycerol-litharge was found to be the same as that of tnr
uncemented powder or naturally cemented material. It is expected that this cement
will permit the study of exchange properties of several zeolites that can be
obtained only as powdars.

Laboratory experiments indicated that pyrite (FeS,) is apparently replaced by
sphalerite (ZnS) in soluticms of Zn*2 as low as 10-% to 10-3 M. A statistical
experimental design was followed to explore the importance of several system vari-
ables in the replacemert reaction. Of those studied, temperature and solution rE
were ilrdizated to be of most significance. Within the experimental limits, th
cxyvgen ccncentration was found to be of minor significance, indicating that the
reriacemert reacticn is not dependent upon cxidation of the pyrite. This is nct
felt to be generally applicanle to replacement or adsorption reacticns of suifides.

Fiell Apparatus Development

Ccmponents for the orifice-type flowmeter designed for very low vertical fliows irn
wellz were rezeived and preparations were made for assembly and testing. The
zontrel circuit for the flow meter and packing element was designed. © inzor-
porataes voltage and polarity-sensitive relays to provide the necessary furiticzns
of Zrflaticn and defla*tior of the packer, and for transmitting signals irndiczatin
direz*icn ard rate of water flow.

MIzromeritics

Desigr -hanges required a revaluation of a proposed aerosol sampling prote ard
Ge.ivery line for a chemical process ailr stream. In the 20-foot long 1/2-3ir-n lire,
“re retenticn of 20 w and smaller partizles of demsity 2 was esiilmated to “e neg-

Zigizls for the fiow rates anticipatzd. g: 5:
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Reta-Coincidence Gamma-Ray Specirometry

A peta-coincidernce gamra-ray specircmetry “echnique was developed whizh allows
improved analysis of certain radioisctcpes in aqueous sclutiorn. Although the
metkod has not teen compleitely optimized as yet, a background reduction cf a factor
of 40 can be obtained with only a 50 percent loss in efficiency. This resuts in
ircreased sensitivity. The degree of selectivity is aiso improved since onlv
teta-gamma emitters are counted, thus eliminating interferences from K-capture
radioisotopes such as Cr-51 and Zn-63. Relatively large . about 100 ml} liguid
saxples are introduced into a liguid scintillatior beta zournter which is operated
icside a large well crystal gamma-ray de*ector. Only the spectra from gamms-rays
which appear in coincidence with beta par*tizles are observed. This technique will
have specilal applization to river water samples.

Silizon Surface Barrier Alphe Detectors

Silicon surface barrier alpha detectors have been fourd to be superior to Frisckh
Grid Zca Chambers for the determiration of alpha emitters in certain plant streams.
The surface barrier detector has a tolerance to bheta activity which is about 100
times greater than for the ion chamber and aiso has a reduced "low energy algpha
taii.” This makes possible analysis of samples by direct plating instead of
requiring chemical reduction of the beta activity, and a greater sensitivityv due

“o less interference from higher energy alpha emit*ters. A further advaniage i=
the muck lower cost of a surface barrier alpha zounting system.

Reaction Kinetics of Paramagnetic Centers in Irradiated Seeds

Investigation of the formation and decay of paramagnetiz centers in radish seeds
during and after gamma-irradiation was continued. Relative concentratiors of
centers were followed as functions of time by EPR measurements. The peak-to-peak
heights on the recorded first-derivative curves for each sample were measureqd
and 3divided by the analogous quantity from a standard diphenyldipicryhydrazyl
sample measured on the same day with similar instrument settings. In this way,
relative concentraticns were evaluated whi:h should “e independent of day-te-day
variations in the semsitivity of the EPR spectrcmeter. Absclute concentraticrs
wil be evaluated as time permi*s, but reiative values ars sufficient for TARY
ru-poses.

Prior to irradiation, dormar+ radish seeds were fouri = gZve a small sigrai at the
magnetic fleld strength charaztar: st;: of orgaric free raiz-cals. Th2 signal
intersity at this field sirergth in:reased tv a factor of .JJ af-er ~re seeds
a*scrived 1.0 x 102 rads of Cc-50 gam:a- adiawicr ir the pres=v:= of a.r. Dun_:i:a*e
samp.es differed by leszs ‘"ar “er percert In signal in%ansitv &f=sr +th= sxwe
atscroed dose and a better +ime schedule for irradiaticr and meagursment will im-
Tove this precisiorn. In tle preserce of air at 298 X .25 C), sornzertraticzs of
para_a rsTi.: terters ir seeds have beer fo‘-cwed for <we merths. The decav 1s rc*
& simpie zerc or first order reac+icn in Terrs of Lenvsr concenTtraticn. The de-ay
“wrves an, of course; "€ expresszd as a sum of axpcrern=ial <zrms ir whkizh -artair
fractions of the to%al cern<er ror:ar<raticn zar bde regarded as dezreasing with
differept half-lives. Although *%is rerresentaticn Las 7 “heors<i-.al supporT,
i dces give ar expressior of the magri-ules cf the Tiwe ir-~:srwval: irtclvad.

=
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Thus, roughly half of the centers present one hour after irradiation apparentiy
decay with a half-life of 40 days while the remainder exhibit a half-life of less
than 8 days. Similar measurements at 310 K (37 C) in air indicate half the centers
present one hour after irradiation decay with a half-life of 16 days while the
remainder exhibit a half-life of 0.75 days.

A tentative activation energy for the long-lived component can be calculated to be
14 kcalomole'l.deg'l which may be compared with values of 9-12 kcalumole‘l:deg’l
_for the diffusion of other neutral species such as gases dissolved in solid polymers.
As more data become avallable a better comparison of the activation energies for
these reactions and typical diffusion-controlled chemical reactions will be made.

In this way, the hypothesis of free-radicals diffusing and combining with each

other in this living tissue can be tested.

This investigation has shown that radish seeds provide a convenient medium for the
investigation of chemical reactions produced by irradiation in living tissue. Not
only are the seeds of an ideal size for EPR studies, but their metabolic rate is
low and the paramagnetic centers formed in them during irradiation are long-lived.
These latter features allow adequate time for treatment of the seeds with various
radical-scavenging reagents, followed by a kinetic study of the EPR signals from
the seeds after irradiation. Comparisons can then be made between the ability of
a reagent to depress the signal intensity in seeds and its ability to protect them
from lethal or genetic damage.

O

Manager
Chemical Research and Development
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A. ORGANIZATION AND PERSONNEL

On March 1, 1$61, Dr. R. F. Foster, Manager, Aquatic Biology, transferred to
the Radiation Protection Operation as Manager of Environmen?al Studies and
Evaluation Operation. P. A. Olson is Acting Manager, Acquatic Biology.

B. TEGINICAL ACTIVITIES

FISSIONABLE MATERIALS - 2000 PROGRAM

BIOLOGICAL MONITORING
Effect of Reactor Effluent on Aquatic Organisms

Effluent monitoring was continued at the 1706-KE laboratory with the exposure

of young salmon to dilute untreated effluent and to like concentrations of
effluent passed through a bed of aluminum turnings. Fish exposed to the effluent
passed through the aluminum (4, per cent strength) show a slight increased
mortality over those of the control and untreated effluent, but any significance
is still auestionable.

I%gl in Rabbits

Fifiy samples of sagebrush and thyroid glands and stomach contents from

25 jack rabbits were collecisf and analyzed for radioiodine. Results will
compare concentrations of I in the thyroids of the animals to that in food

and will establish the range of variation. This special study will conclude
the rabbit sampling program of the past several years.

C. columnaris

From the strains of columnaris obtained last summer, it is clear that there is
a wide variation in virulence, even of strains taken at the same time and in
the same location. As an example, one strain was obtained from river water at
62 F. It caused no kill of fish within three days after exposure. Another
strain, taken on the same day and in the same location, caused 100 per cent
kill of 50 fish within the three-day period.

Possession of an essentially avirulent strain will be useful in projected
tests for the induction of virulence.

BIOLOGY AND MEDICINE - 6000 PROGRAM

METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS

Strontium and Calcium

Radioanalysis of two survivors of the medium-treatment (5 x 10~2 it Srgo-Y9o/g/day
for 21 weeks) fish seven months after ending isotope feeding showed little
difference in total beta activity in compact tissues (e.g., scales, otoliths,
operculum) when compared to samples taken from fish sacrificed at the end of
feeding. On the other hand, the soft tissues, such as the liver, spleen,

G.I. tract, showed only about 5 per cent of the total activity observed at the
close of chronic feeding,
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Iodine

Lambing is about 50 per cent complete. Thyroid uptake studies on new-born lambs,
an area not previously investigated, are being performed. (In addition to the
regular thyroid monitoring, the whole-body monitor is being used to obtain

thyroid and whole-body counts.)

Cesium and Potassium

The experiments on moisture stress previously condicted with Cinebar soil were
repeated using Millville soil, with an appreciably lower uptake of Cs137 noted.
However, the effects of moisture stress on the cesium and potassium concentrations
in plants were similar to those observed on Cinebar soil. Cesium concentration in
stem and petiole tissue, and other plant parts, was increased as moisture

tension (drying) in the soil was increased. Relatively little effect on potassium
concentration in the plant was noted.

Comparative Toxicity of Strontium, Plutonium and Radium

Radiographs were taken of the right forelimb and hind limb of all miniature swine
on this study. A progression of earlier bone damage was noted with the most
severe changes seen in animals injected with Pud3? (1.3 pc/kg body weight) at
six weeks of age.

The forelimbs are showing considerably more damage than the hind limbs. This
may be related to the greater weight supported by the fore limbs or to trauma
to the front legs in jumping against objects ard dropping to the floor with
considerable force.

A1l animals appear grossly normal although there is a great deal of variation
in individual condition -- a reflection of their communal feeding. Utilizing
the whole-body monitor, estimates of the body burden were obtained. Reasonable
counts were obtained in racium and strontium animals but not in the animals
injected with plutonium.

Hagard Evaluation of Sr9q) Cslg7land 1131

Based upon available large-animal data on the metabolism of Sr9o, cs137 amd
1131, the levels of contamination in edible animal products following both chronic
and single exposure of the animals to these radiomuclides in air or vegetation
were evaluated. This was accomplished by determining for each radionuclide a
theoretical MPC relative to the MPC for air and water for man that would result
in the edible products containing contamination levels equal to the MPC (water)
for man. These values may then be multiplied by the acceptable MPC's for man to
determine the maximum permissible concentrations of the radionuclide to which
the animals may be exposed. The relative MPC's were determined for milk, meat,
kidney and liver for the dairy cow, beef cattle, sheep and swine. The advantage
of the relative MPC's is that a standard procedure may be used for all radio-
nuclides and the ratios of ion pairs would therefore not be needed.

UNCLASSIFIED
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Plutonium

A new chelating agent 2-(B-Aminoethoxy) cyclohexylamine-N,N,N',N! -tetraacetic

acid was tested for its ability to promote the excretion of plutonium from the
rat. When administered one hour following intravenous plutonium citrate

this new agent stimulated the urinary excretion, during the following four days,
of 6l per cent of the injected dose. Untreated control animals excreted less than
five per cent. Animals treated with DTPA excreted 72 per cent. The new agent,
therefore, would appear to be less effective than DTPA, However, its effect on
fecal excretion of plutonium and tissue distribution remain to be evaluated. Test
are also being made of its effectiveness when administered orally.

Some preliminary experiments have been directed toward the identification of plute
binding sites in soft tissues. Plutonium in adrenals was not removed with phos-

pholipid or steroid fractions but remained in the protein residue. Approximately
one-third of plutonium remaining in liver 90 days after injection was extracted wi

water and two-thirds with O.l1 n NaOH. The NaOH treatment removed plutonium which
could not be removed by DTPA treatment of the tissue.

Cerium, Neptunium, Americium, and Strontium

Available literature on the metabolism of Celhh, Np239, Amzhl and Sr7C was
surveyed. Based on the information obtained, equations were developed for
estimating the body burdens of the above radionuclides by analysis of urine

of man. This material was submitted to and discussed with the Intenral Dosimetry
Group. Data on cerium, neptunium and americium was very inadecuate and
restricted principally to small animals. JIstimates for these radionuclides cou.u
easily be in error by a factor of 10. Studies are being plamed to determine the
excretion patterns and toxicity of these radionuclides in miniature swine. The
animals would be injecteg in grougg of three and added to the groups already
injected with Sr O, Ra2® and Pu¥’,

Radiocactive Particles

Three groups of rats were exposed to CelthrlthZ aercsols for retention ard
translocation studies, and for testing therapy agents. Carbon black and negative
ion inhalation were tested for possible effects on pulmonary clearance of
radioactive particles. (A negative ion generator was provided by General
Engineering Laboratory, Schenectady, New York.) Results of the tests are not
complete. -

Gastrointestinal Irradiation Injury

Contimuation of studies on repeated irradiation of the abdominal area, with and
without cysteine protection, indicate that bi-weekly doses of 500 r can be
tolerated, without protection, up to a total dose of about 10,000 r. With

this accumulated dose, animals die of what appears to be starvation, after a
decrease of approximately 50 per cent in bocy weight. Protection with cysteine
prevents the weight loss and mortality. B3i-weekly doses of 1,000 r are tolerated
for extended periods with cysteine protection. At 1,500 r, bi-weekly, cysteine
protection has little effect and animals die after an accumulated dose of

about 6,000 r.
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Microbiological Studies

Experiments on raciation effects on the cation binding properties of yeast cells
were exterded to calcium iong. Two to three times more calcium was adsorbed to
irradiated cells as compared to non-irradiated cells. It is not clear whether
this binding was limited to cell surface or may have resulted from a change in
permeability. The latter seems quite possible since high calcium concentrations
in the medium effect a reduction in leakage of cellular components from irradiated
cells. Further studies are in progress to determine whether this reduction

constituted a repair of damaged membranes.

Plant Ecology

It was found that chlorophyll production of terrestrial algae can be-estimated
by acetone extractions without separating the algal filaments from the soil
matrix, The absorption spectra obtained show that the green pigment extracted
is largely chlorophyll "a". Methods are being investigated to report the
chlorophyll "a" content in temms of milligrams of chlorophyll per gram of soil.

Cultures of the algae (Microcoleus vaginatus) which were exposed to X-radiation
dosages of about 145,000 r did not show any reduction in chlorophyll production.

Project Chariot

Sorting of samples for ecological analyses of the invertebrate communities of
the Cape Thompson, Alaska region was contirnued. Collections of mollusks and
annelids were prepared and sent to taxonomic specialists for determinations.

Development of a program was completed for IBM analyses of specific gamma
emitters from fallout in the plants ana animals collected from Chariot field

iordorq

Manager
BICLOGY LABORATORY

HA Kornberg:es
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c. Biology Seminars

Daubenmire, R. G., Department of Botany, Washington State University,
Pujlman, Washington, "Ecologic problems of the sagebrush vegetation

in Washington," March 8, 1¢6l.

Sullivan, M. G., "Gastrointestinal tract function following exposure to
radiation," March 22, 1961.

Palmer, K. F., "Facilities at HAPO available for biological research,"
HMarch 22, 1961.

D. Publications

a. HW Documents

Staff of the Biology Laboratory, "Biology Research Annual Report for 1960, "
Document HW-69500 (in press).

b. Open Literature

None
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OPERATIONS RESEARCH AND SYNIHESIS COPERATICN
MONTIY REPORT - MARCH, 1961

CRGANIZATION AND PERSONNEL

. H. Wujek joined the operation on March 1 as a technical graduate on a 3-month

e

rotational training program assignment.

CPERATIONS ANALYSIS STUDIES

Tuel Element Performance

Data from the complete file of about 6650 fuel elements thus far irradiated and
measured under the Quality Certification Program are being used to obtain revised
estimates for the coefficients of the models expressing warp, tube filling capa-
city, and diameter change as a function of reactor coperating conditicns. These
models are useful in predicting fuel element behavior under various sets of con-
ditions, and in removing the effects of reactor conditions when evaluating fuel
element quality as such. The new estimates will be completed in April.

These data are also being used to investigate fuel element distortion as a
function of canning date, and the effect of this on the incidence of observed
hot spots. It has been established that plotting such quantities as a function
of canning date 1s essentially the same as plotting as a function of Fernald
shipping date, so that variations observed may be related to core quality.

A report was written recommending methods of describing fuel element distortion
for irradiated NPR fuel elements. The method uses polynomials, which are easily
fit using orthogonal polynomials, to describe the fuel element profile. It was
also pointed out that similar methods can be used on present fuel elements in
order to better describe the types of distortion present. The technique will be
used on a sample basis in the near future.’

Assistance of a consulting nature was provided in connection wi*h developing a
rupture model for hole failures.

Zptimization of Resctor Operations

A model was developed which gives fuel element clip requirements, assuming var-
icus alternate courses of action with respect %o procedures in handling clips.
~hese clips will be used in charging bumper fuel elements. The number
required depends on their cost, the economic conseguence of runiaing short, and
the physical flow of clips.

Z-Plant Information Systems Study

Frocess technclogy continues to be mcdified in preparation for full process line
operaticn. The best logical definition for future operation of the final
machining step and the new ingotting furnace and break-out facility has been
obtained, and these sections have been coded into the over-all computer program.

123005 DECLASSIRED
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Four days of machine debugging were accomplished befcre the memory drum was
removed for modification. Several areas of the program benefited from this
activity. It was also discovered that the high speed output punch was not
functioning properly. This 1s %c be corrected during diagnostics following
reinstallation of the memory drum uni<t.

A neeting with the Manager, Research and Engineering, CPD, was held to
re-establish the computer study continuity with newly appointed CPD managers
and discuss personnel requirements to facilitate a successful computer

demonstration.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Tuels Preparaﬁion Depa>tment

Pre-irradiation warp data from NPR co-extruded fuel elements were analyzed in
order to assist in determining how the number of rejects due to excessive
warp might be reduced. Of primary interest was an evaluation of the effects
on werp of successive Beta~heat treatments. Vector quantities were used to
estimate these effects. The possibility of pre-straightening before Beta-heat
treating was evaluated. It was also suggested that if shorter fuel elements
are used, the warp is reduced by a considerable amount.

A sequential sampling plan had previcusly been developed for use in the accept-
ance sampling of lots of aluminum components with respect to wettability
characteristics. Fur<her work was done this month in describing the results
to be expected when within lot variation is changed.

Irradiation Processing Department

A study of uniform corrosion models is continuing.

A theoretical model is being fitted o some points which describe fission decay
in a reactor.

A study was made to determine whether the recent failures 6f rear cross-neader
fittings are indicative of an increasingly severe problem. Sample size
requirements for examining fittings for near failures were also ccmputed.

The problem of determining the symmetric intercomnection of contacts from niné
identical relays was solved by *he use of symbolic logic. Requirements for
the circuit were:

‘8, Each relay should have the same number of contacts.

gb) The number of contacts per relay should be a minimum, and

¢} The circuit of contacts sbould be necnconducting whenever any seven of
the nine relays were de-energized.

This analysis arose in connection with =he design of a safery circuir.

nemical Processing Department

Consultations and computations were continued for Finished Produceﬁ;fechnology
in connection with ~he design and use of equipment, fixtures, and gauging
mechanisms necessary to accurately fabricate and inspect proposed weapcn

campenents.
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Comments were given in connection with potential hazards involved in the ship-
ping of cesium and strontium to Oak Ridge.

Assistance was given in preparing for a study concerning assigned automobile
utilization. Results from queuing theory will be applied.

The number of measurements required per pert in the acceptance inspection of
final product has been reduced due to improved analytical and process control.
One analytical determination suffices for most parts.

In connection with determining the Pu-240 content of final product, an evalua-
tion was made of the accuracy of the mass spectrometer, which is used on a
sample basis in conjunction with the part-by-part measurement done by neutron
counting. Questionable parts located by neutron counting are also re-measured
by the mass spectrometer.

Steps are being taken to use evolutionary operation techniques in ccnnection
with the production of buttons. Several variables associated with the reduction
of the fluoride will be controlled. It is tentatively planned to try and
optimize yield, keeping purity above a specified level.

Relations Operation

Three additional salary curves were fitted at the request of Relations personnel.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HIO

2000 Program

Chemical Development

Consultations continued with Process Development Operation in the general area
of instrument calibration for the pending pulse column test facility experi-
ments. Additional mid-column photometer pilot study data are being analyzed
to determine the effect of the temperature differential between calibration
temperature and the temperature during experimental runs. An appropriate temp-
erature correction factor will be derived from this data. An experiment was
designed to calibrate the rotometer which will be used to measure flow rate of
the pulse column feed stream. Since the relationship between bulb displacement
and flow rate is influenced by solution density, the calibration is being done
for a range of uranium concentrations from 50 to 120 g/l.

Work continued on a mathematical problem associated with ion exchange phenomena
reported in January. Further meetings were held with interested personnel of
the Chemical Research and Development Operation of Hanford Laboratories for

the purpose of mutual clarification of the chemicel and mathematical concepts
involved.

Materials Development

Components of variance calculations were performed on graphite physical pro-
perties test data for Materials Development Operation. Tensile strength

e DECLASSIHES —-—
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measures, load and deflection, electrical resistivity, thermal conductivity and

coefficient of thermal expansion data were analyzed o determine the variability
of the properties within a graphite block and between several such blocks. The

effect on the average value of these properties of crystal orientation, result-

ing from extrasion of the blocks during fabricetion, was also estimated.

4000 _Program

Swelling Studles

Analysis of pore size distriburnions for irradiated uranium samples, pre- and
post-anneal, continued in order to determine the heterosgeneity of such distri-
butions within a single uranium sample.

Plutonium Recycle

Several mincr modifications were made in the experiment previously designed
for Structural Material Development Operetion to investigate the reliability
of a fluorescent penewrant nondestructive test used to detect surface defects
on zirconium tubes. It was not possible to> procure sufficien* tubes with
roughly the same number of defects o handle the experiment as initially
designed. The modified experiment uses 32 tukes - 18 are now available and an
additional 14 should be in another month.

An experimental program was designed for Ceramic Fusls persornel to investigate
high energy uranium oxide impacting as a function of the independent variables,
oxygen uranium ratio, Dynapak piston pressure, and oxide temperature. The
primary function of the experimenw is to determine how these variables interact
so *that maximum density impacting can be realized as a function of oxygen
uranium ratio with piston pressure and oxide temperature kept as low as possible.

Further progress has hLeen made on the problem of achieving dense packings wi*th
mixtures of three fixed sizes of spherical particles. Three sizes and the
relative proportions of each have been discovered that yield a volume packing
factasr in excess of .9. It can be shown *hat an absolute upper bound for the
packing density of three sizes of spheres is .9825.

6000 Program

Biology

“he linear kine%i: mulvicompar—ment bioslogy model is in <he proness of being
generalized. In particular *he entire model is being rewritten in terms of

a multivariate diffusion partial differential egquation. It is expected that
the soclution, when cb*ained, will oring the present estimation technigue within
the purview of classical statistical esTimation theory.

ceneral

Instrumentation

A statiswical analysis of davra £rzm a receat calibration study by Ins*:viment
Research and Zevelopment Jpera=ion was initizted.  he results will provide a
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reference system for the calibration of linear differential transducers for use
in in-reactor creep testing of zirconium alloys.

Work Sampling Study

A statisticel analysis of data fram the work sampling study recently conducted
by Analytical Laboratories Operation has been completed and the results reported

to interested persons.

Division of Research Programs

Work continued jointly with Chemical Instrumentation and Data Processing in the
setting up of a magnetic tape master file of program sample data. Statistical
analysis was performed of mass spectrometer standards data and estimates of

the precision and accuracy of the instrument were provided to interested persons.

The study to determine the possibility of using isctopic concentrations of plu-
tonium tc make inferences about the reactor conditions under which it was pro-

duced is continuing.

MISCELLANEQOUS

Methodologz

Several discussions were held with personnel of Nuclear Physics Research
Operation and some mathematical calculations were done in connection with the
use and interpretation of a computer code for generalized least squares analysis
recently obtained from the Los Alamos Scientific Laboratory.

A table of the function 2N log N for N = 1{1)5000 has been calculated and a
foreward to explain its use has been written. This material is being prepared
as & formal statistics and mathematics distribution Hanford report.

A table and accompanying nomogram for the calculation of sample-background
ratio confidence limits from low level counting statistic data has been pre-

pared. A formal report for mathematics and statistics distribution is currently
being written to circulate this material tc HAPO research personnel.

(e G @

Carl A. Bennett, Manager
Operations Research & Synthesis

CAB:kss
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PROGRAMMING OPERATION
MARCH 1961

A. REACTCR DEVELOPMENT - 4000 PROGRAM

1. PLUTCONIUM RECYCLE PROGRAM

Computer Code Develcpment. Microscoric debugging of the fuel cost pertion
of the PUCK code is nearly finished. Fuel costs for the recycled plutcnium
mode are checking in all four fuel cost components and in total fuel cost,
but some further debugging will be necessary because some intermediate
values do not agree with the standard. Results for the uranium mode still
differ slightly due to variations in a minor term. The equationas to be
used in subroutine Rx have been coded as a main program for testing purposes.
Resulting compositions of the plutonium isotopes appear correct; but as yet,
cannot be considered authoritative. Rx will be the master minding routine
for PUCK and will prescribe the equilibrium and near equilibrium plutcnium
compositions for analysis. Currently, the PUCK code analyzes only the
secular equilibrium case which may, in fact, take hundreds cf years tc
attain.

The supercritical reactor design has progressed to the peint where more
Precise fuel costs are needed than were supplied earlier with the PUCK code.
Programming has been supplying such data to the Reactor and Fuels Qperation
of the Hanford Laboratories. MELEAGER; a physics burnup code, will be
utilized to give exposure vs. enrichment for both batch and graded fuel
discharge schemes. These bracket the operating case of primary interest
since the Supercritical Reactor would likely be operated in a compromise
mode. These exposure data will be supplied to the QUICK fuel cost code -
with a wide range of the input economic parameters. Preliminary debugging
demonstrated the feasibility of the method;, and the necessary cases are
being set up.

Work continues on an interim topical repert dealing with the effect cn
fuel cost of using various different fuel claddings, including comparizcns
between zircaloy and stainless steel. This first report covers uranium
enrichment, but the study will be extended to incluie the ramificaticns

of plutonium enrichment. The larger neutron cross sections cf plutcnium
generally allow the use of more parasitic material in a reactor. Tc
fully evaluate the pcssible optimum ruel element designs using plutcnium
enrichment, more care must be given the actual fuel gecmetry by virtue

of plutonium self-shielding in the thermal spectrum and significant epi-
thermal absorptions which, in turn, require self-shielding treatment. As
a consequence, this work is being treated as a fuel geometry study for
which generalized high speed ccdes are being develcped. If blind use

is made of codes to determine the necessary parameters, a ridiculously
large number of ccmputations appear neceszary. Hcwever, inspecticn of
the basic relationships within the codes and the actual available knowiedge
indicates that a manageable ccmputation lcad shculd be possible. As a
consequence, a simple code is being preparel tc select the ccmputaticns
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t¢ be made in view of the actual possible significance, and then to

define the limits of the results. While this work is under way, the
plutonium-enriched burnup studies are being crganized. Much of this

work can be made available to this study be editing reactcr fuel burnup
data from specific cycle analyses. These data will be tabulated s0

that resctor designs maximizing the value of plutonium can be qualitatively

defined.

Plutonium Recycle Program Plamming Activities. The long range schedule
for fueling the PRTR is being revised and up-dated; taking into acecunt
changes in delivery dates for high-exposure plutonium, revised neutrcn
yields from plutonium based cn the PRTR critical tests, and cther changes
which have occurred since the previous schedule was issued.

A study has been started to identify the conditicns for eccnemical arpiica-
tion of partial-deccntamination separations techniques, such as the

"Salt Cycle" process, toc over-all fuel cycles for the utilizaticn of
plutonium in power reactors (plutonium recycle). Initial effortz are
being directed at determining the types of fuels and reactor fezed and
burnup conditions under which partial-decontamination type prccesses such
as "Salt Cycle" appear attractive. Ome cof the major considerations will
be determination of the cost of remote, heavily shielded refabricatiocn of
partially-decontaminated, plutonium-bearing, fuel elements.

One member of Programming has provided comsultation cn design scoping o1
the Fuels Recycle Pilct Plant, and participated in a visit to six sites
tor discuss the latest operating philosophy and design considerations for
"hot" laboratories. Of interest from these contacts is the zcatinuing
shift of the meaning of "containment" from ":ontainment as a pers:onnel

n

protection device" to "contaminaticn contrel and easy dispozall.

SPECTFIC CYCLE ANALYSES

Code Develcpment. The first werking version of a computer prizram designed
tc generalize the MELEAGER burnup caleulaticas has beer completel. The
code converts batch irradiation data to uninteracted graded iata ani will
provide shut off data for either mede at any desired final reactivity.
Thus, a single MELEAGER physics calculationm rerresents b.oth batch and -
uninteracted gradsd cases at any number of final k,y values, which consti-
tutes a gross saving of computer time. Concurrently, the MELEAGER phvsics
code has been changed to aliow fully-intaracted, graded burnup caiculaticns
to be made in additicn tc the uninteracted ccomputaticns amenticned above.
These twc forms c¢f graded irradiation bracket the pcssible lattice arrange-
ments that may te encountered ir a reactcr. Computation cf fully
interacted cases can te rapidiy completsd cince cver-all reactsr conditicns
apply, which eliminates the necessity cf altering the nuclear crc:s
secticns as the burnup proceeds. The MELEAGER generalizaticn zcde has

been written so that it can also prcocess the fully interaczei graded
discharge data, although slightly iiffasrent relaticnships are used. Th*
code curve-fits the isctcpic compositicns, the sxpcsure, and the
instantanecus and average kg 's as a functicn of time. The isctopic
density fit is accomplishked by approximating the 3ata with an expornential
function, and then fitting the iifferencze by twc third-order pciynomial
functions. The time scale is then ncrmalized to a constant flux and
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selected specific pewsr case tC reprazent graied irradiation. Third-
order polyncmials are alsc used tc fit the data a= a functicn of Koo -
This provides "shutoff" jata at a number cf iimiting kee values so that
a single MELEAGER calcuiation can be converted into any number cof caszes
at a great savings in computer time. A ccmplete calculation with an
unlimited number of final ke values requires about cne minute compared
with approximately three minutes for a single MELEAGER case which
produces only cne kg value.

A revisior of the QUICK eccnomics ccde was prompted by the necessity

for refining the incremental fuel element fabricating and jacketing cost
(FEFJ) calculaticn for simpie plutcnium recycle. This incremsntal
additicnal cost is required for jacketing piutcnium bearing fuel eisments
over the cost of jacketing uranium-only fuel elements. In this rasvisicn,
the available plutcnium is considered to be mixed with tails ccmpesition
uranium while the fracticn of the fusl elements in the reactir that
contain plutonium is determined by the criterion that the enriclment
(atomic fraction) of each element in the reactcr be the same. The FEFJ
cost for the reactor is caliculated by adding the basic FEFJ cost tc the
delta cost and multiplying by the fracztion of the eiements that ccntain
plutcnium. This revisicn permits evaluaticn cf a zoned reacter in which
the concentration of recycled plutonium is maximized so that the cver-all
cost of the incremental fabrisation charges, delta;, is minimized. The
impact of this is most impressive. For examris, in a typical thermal
reactor, by confining the plutonium enrichment tc depleted uranium, 10 to
20 grams cf fissicnable plutcnium are usad in each pourd of fuel which
spreads a delta value cf $20/lb ~f fuel such that the plutonium value

is decreased only cne to two dcliars per gram. If, ca the cther hand,
the recycled plutonium iz uzed to enrich every fuel elarent in the
reactor, then, the recycled plutonium iz in two tc three gram quantities
in each pound of fuel and the asscriated piutenium value reductica is
$10 to $20/gram for an incremental charge of $20/1b cf fusl. There is

a cost invelved with zoning since highsr-szardched uraniwm must be
purchased for the uranium-enri:h=d zine at a ¢lightly higher ccat.
Accordingly, tnis secticn c¢f the ccds iz arrargez sc that-

1. The plutonium can t2 mixed with any deszired ranium compzsiticn,
cr the computer can be instruacted tc s:zlect the minimum co=<
mixtuare.

2. The enrichiment of thes plitoaium bearing r.ei slsments can be

adjusted +z obtain ths same heat rats {i.:z.. fisgsicn rats), the
same initial kg, ¢r the same enrichamsct as ths wranium-cnly fuel
eiementsz,

Specific Studies. PFinal ncrmalizasticn studiss are nearing complisticn
that reccmcile the MELRAGER burnup analysis with the methods emplcyed
fcr analyzing the APWE {T.0-8502.. Witn compisticn, an extensive
analysis of plubtcewnmium valae ir. the APWE will begin. The analysis will
be for batch and gradsi cperaticn, with z.ned api wnzonel plutcaium
enrichment for zimp.e regysle, ans f.r full plutcnium sarichment without
zening. In additiin, thoriuam with T-23%, U-235, and pluticiam as
alternative enrichxznts: will be =xamias:.
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The report of plutcnium value in the Beicyarsk, Russia, superheating
reacter is in final rcugh draft form and will be published as HW-68L4T79.
Generally speaking, plutonius has a high valie in this machipns due to
the improvement in thermal utlilzation afferded by the high neutron
cross section of plutonium. Vaiues of $ib to $16/gram of fissicnable
plutonium as nitrate are typical results cf the computaticns. These
.values are reducei tc $12 t: $1i/gram as metallic buttons, which is the
form currently stipulated by the AEC for ccmparisims.

Details of +his ani o-her studles wers presented at the [RD Evaiuation
and Plapring Branch (EPB) program raview in Washington cn March 2. and
22. TIn additicn, a paper was acceptad for the ANS June meeting entitliz4d,
"A Comparisoa of Key Nuclzaar and Eccncaizs Factors for Thermal Rsactor
Fuels". The paper is based upcn errcr analysis stuiies male for the
APWR study. Measurements of the praductivity of varying cnly eta for
U-235, U-233, Pu-239;, ard Pu-2LL wers made by altering ru for each ani
computing the resuliting change in va.ue. Cerrespending cocmputations
were alsc made Tor the key cre:zs section:. The resative dclilar value

of the nuclear fuel is *aker ints accosuat by parameterizing ths price
schedule for U-235 at fifty, -ze hunired, and two hunirel percent of

the present schedule, aad by in:iuding the reiative non-nuclear charges
for three fuel eiement fabricating charges. The 3ata clearly skow that
the value cf Pu-239, whea comparei to U-235, woull be coafuunded becar
+the siightiy reduce® Pu-239 e*a vaize effect would be cbzcured by <he
greater absorption cross sectioa ¢ Pu-239. Iz aliiticn, riutcniam-239
fissions lees cften than U-235. It now appsars that afditiomal correla-
tions may be possibie by cousilering the rissicrable-to-Tertile cross
section ratics, from which some gensralizaticn may be peisible abiat
the value of various plilutcatim batches.

OTHER ACTIVIIZES

A Jocument was issued (HW-68922; wiich proposes cinsileration f re
and development activiiy ca a mesr: 7 co.ipling an ague_as proces
rrimary deccntamizati.n with a fuzzi-:al-, flucriis-volatility pr
for final uranium Ze:xataminatica., Poatiaium woaild be i:zlatal by

conventional ion exchangs methois. Tn the most acvancs? altsrna+tive of this
rropesal partially-iecimzaninatsl Lranyl nitratz 2I_u ]

=~
>
~

-~

.
intc a cell in whichk byir:ogen ani sizmental flicrine ar:s priiucsl by
electrolysis of a fugzi salt, By zstablisoment I a -uitabre pattern of
fiovw 1t is hoped trat Tnz altrate cl.uil bz zacres:z

2ively ishyiratal,
denitrated, reducz=i with hyiroger. and coavert:i to (F) at the catnziz and
finally to TFg at the anti=. Zao a zituatiis requiring new zeparaticas
facilities such a combined prize:: may arffirl maj.r ecocomies. Ir o2uld
alsc be potzntially atoractive ia tos proos2sing f noo-producticn fuels
and in uranium ore wiliizg.

The risks asscceiated with zhipment I _arge juantities of radizis:tcges
are being evaluatel, and reguessTs.hnave pbzen iait:atzi for additicmnal zata
22 1in suc Thziz wiork 1z in sugpert of
rrojected shipments £ = I thousans: of cariz:s ¢f materials zuch as
Sr~90, Cs-137, and Tz-1lidu,
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Hanford waste disposal practices, envircnmental mcenitoring, and
appropriate related research were reviewed with S. H. Small of

the International Atomic Energy Agency, Vienra, Austria. Also,
similar topics plus the proposed ecclogical studies in the Coliumbia
River system including the estuary and cceanographic studies were
discussed with Dr. I. H. Wallen, AEC-Wash., Division of Biclogy and
Medicine. A report was compiled and transmitted to AEC-HOO for the
use of AEC-Wash., Divisiocn c¢f Biclogy and Medicine, in the Special
Report to Congress on Life and Physical Sciences.

HAPO-wide irradiation units requirements were reviewed and compiled

© by programs for Fiscal Years 1961, 1962, and 1963; and transmitted
to HOO. The tabulation included the needs for each program by
capsule irradistions and loop irradiaticns in sufficient detail for
Commission planning purpcses.

Assistance was provided in arranging fcr visits and tours by 209
visitors during the month. This number included 99 visitors on 39
official visits, plus 110 students and schcol administrators on four
separate tours. It also included one Austrian, cne Swede, and 11
Japanese nationals of the Japanese nuclear material test reactor team.

Study is being given to the possibility of having cie day a month set
aside as "tour day" at BHanford, and tc publicizing this procedure, in
order that all but official visits would be held on this day. The
maximm capacity for handling tour visitors under such a plan is esti-
mated at about 1200 visitors in one day.

W, W red Y

Acting Manager,
Programming

FW Woodfield:rd
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RADIATION PROTECTION OPERATION
REPORT FOR THE MONTH OF MARCH, 1961

A. ORGANIZATION AND PERSONNEL

The internal re-alignment of the Radiation Protection Operation became effective
March 1. The Section is now composed of six Subsections and two individual con-
tributor positions reporting to the Manager - Radiation Protection. In conjunction
with the staffing of the new Subsections, R. F. Foster joined the Radiation Pro-
tection Operation as Manager, Environmentsl Studies and Evaluation and H. V. Larson
joined the Radiation Protection Operation as Manager, External Dosimetry.

John M. Selby, Engineer, was rehired into the Radiological Development and Calibrations
Operation on March 13. Alice L. Didier, Secretary, was hired into the Internal
Dosimetry Operation on March 7. Effective March 20, Melvin L. Brinkerhoff, Chemical
Analyst, was transferred to the Fuels Preparation Department as a Metal Handler.

The total force in the Radiation Protection Operation on March 1 was 138; 39 exempt
and 99 non-exempt.

B. ACTIVITIES

An HLO employee, assigned to the 325-A High Level Cell Facility, received an

exposure of 6.3 rads beta and .19 r gamma, as measured by his film dosimeter. The
source of this excessive exposure to the skin was believed to be a highly contaminated
metal bar or contaminated protective clothing. The metal bar which was handled was
subsequently found to have surface contamination of 150 rads/hour at two inches.

The dose to the skin exceeded the maximum permissible dose of 6 rads recommended by
the NCRP for a 13-week period. )

Four IPD employees received transient internal deposition when an unknown gas under
pressure wes relessed from a sample tube in the inner rod room of the 105-KE
Building. Whole Body Counter m g%surements indicated 6 - 100 nc of Na2* and from
30 to 180 nanocuries (nc) of Zn°”, representing respective maxima of 2% and 0.3%
of the maximum permissible body b n (mpbb). Three other IPD employees received
transient internal deposition of Mo”7 while lubricating the reasctor control rods

at the 105-DR Buil Examination in the Whole Body Counter 1n icated rom

125 - 280 nc of Mo (l 6% - 3.6% of the mpbb) with traces of NaZ“ and zn®>

A localized exposure from a radiocactive particle on the face of an IPD employee
resulted in an estimated maximum dose of 4.6 rads, including .05 r to & small
skin area.

Particulate fission product contamination occurred throughout the 105-KW Building
during the removal of the ruptured fuel element and process tube from the reactor
front face. The contamination, which was believed to result from removal and
disposal of contaminated protective clothing, was confined to the building.

There were no new cases of plutonium deposition confirmed during the month. The
total number of plutonium cases that have occurred is 265, of which 193 are

» currently employed.
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A faulty seal on a tank containing plutonium nitrate solution resulted in wide-
spread contamination of equipment,floor areas as well as to three employees at
the Physical Constants Test Reactor in the 305 Building. Decontamination and
resurfacing of floor areas proceeded throughout the month in contaminated air

up to 1.5 x 10-9 uc Pu/cc. Microcurie amounts of plutonium were measured on

the hands of one employee and on other surfaces in the reactor room. Preliminary
bicassay samples of involved employees indicated little, if any, deposition of
plutonium.

The floor and bench in Room 42 in the 231-Z Building were contaminated up to
40,000 d/m from the radium on the dials of an aircraft bomb site that had been
dismantled to obtain some gears and shafts. Several improvements have been
incorporated into the new Physical Testing Mobile laboratory which will result
in improved radiation control. Included are a generator for operation of
additional lights and radiation instrument alarms, a flashing red light on the
truck, improved shielding during transport, and greater security of the sources
when the truck is unattended.

The criticality meters alarmed in the 325 Building and in the 305~B Building at
unrelated times during the month. Immediate followup surveys and processing of
the disaster film kits confirmed that no abnormal radiation event had occurred.
The cause of the alarm in the 325 Building was not determined. In the 305-B
Building, the alarming level had been established too low for operating the
Physical Constants Test Reactor at a power level of 100 watts. '

A 8rogram to obtain background biocassay and Whole Body Counter measurements for
Sr70 on all Maintenance Laboratories and service personnel at’ the Hot Semi-Works
was initiated. Background sampling of the Hot Semi-Works stack was initiated
during the month. The following average activities were discharged:

gamms, emitters - negligible
beta emitters 1 x 1072 curies/day
alpha emitters 1 x 10-6 curies/day

Laboratory sensitivity for measuring sr9 on the integrated filter sample is
9 x 10-7 curies/day. This represents approximetely 1% of the release limit for
this isotope.

Equipment revisions and recalibration of the Redox stack 50° level sampling )
equipment was accomplished. A 3/4" orifice was installed to provide the isokinetic
sample flow through the manifold while allowing a volume of 2.4 cfm through the
sampler. Additional revisions remaining are: 1) diversion cf steam jet discharge
from the stalrs and back into stack to prevent contamination of stairways and
icing in winter months, and 2) relocation of the steam trap at the top of the
stairs to prevent icing.

Field testing of the charcoal adsorber cartridges for I131 monitoring continued.
Data to date indicates that additional development work on design is required.

UNCLASSZFZED
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Calibration of the modified sodium iodide scintiliation equipment for aerial
monitoring was reinstituted. Fl.ights were made at varying altitudes and at
different time constants over a 2 curie cobalt source. The results were in

fair agreement with calculated values. Measurements were made over land and an
infinite water source to determine the capabilities of detecting an increase

in background due to contamination. A reduction by a factor of two was observed
from land to water at S00°'. Since the background over the water was essentially
the same at lower altitudes as at 500', this indicates that it should be possible
to detect an increase in ground rediation levels of about 25% for an infinite
source size. Five flights were made during the month for a total of 26 manhours
of flying time for environmental monitoring personnel.

The Automstic Columbia River Monitoring Station (ACRMS) continued to operate
sporadically due to previously reported amplifier troubies. Two new solid state
amplifiers were ordered on an emergency basis and irstallation of the new ampiifiers

was planned during the second week of April.

The ACRMS was in operation part time during the down period cf the reactors on
March 13th and l4th. A definite trend in the measured activity of the river was
noted. In addition, several radiation traverses and temperature measurements
were made on the Columbia River. Results of these studies will be reported
separately. '

Sampling of Columbia River fish was started by the Envirommental Studies and
Evaluation Operation on March 29, 1961. All equipment ordered for fish and
vaterfowl sampling was received. Modification of the laboratory is cwrrantly

in process and should be completed during the first week of April. Discussions
were held with Dr. Eagan and others of the State Agriculture Department relative
to obtaining bovine thyroids. TFavorable cooperation was indicated and the detailis
are currently being worked out. Twenty-four crop samples were obtained during

the month. Routine surveys of the ground of control plots in the 200 Areas indi-
cated no unusual conditions that were not previously noted.

Compilation of information relating to reactor effluent and the measurement of
radionuclides in the Columbia River was begun for use in an audit of the monitoring
and evaluation of this source of environmental exposure,

The State of Washington Department of Game was re-contacted to encourage initiation
of a survey of the kinds and numbers of fish and waterfowl harvested from this

ares and the quantities eaten by local residents. Formal contract arrangsments

for the surveys are nearing completion.

Waste disposal policies for the Fuel Recycle Pilot Piant are in the process of
being formuleted. The majority of effort has been concentrated on establishing
gasegus exhaust limits. Those radionuglides which are being investigatzsd are
Pu239, U (natural), I131, 5r90, and sr°9.

A study was initiated of the potential need for restricting use of land south of
the 300 Area, considering planned additions to pilant facilii*ies and the northward
growth of the City of Richland.

UNCIASSIFZED
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Assessment of the mexdimum consequences of an accidental ==lease of selected
radionuclides during shipment was comple®ed during the month. Two cases were
considered. The first case, involved fthe shipment of 90,000 curies of Ce~*

in an OCak Ridge desigred cask {(S™r'., The sacond case involved *he shipment
of 80,000 curies of Sr”7° in a HAPO designed cask (HAPO 1A . The resul*s of
these analyses were documented in EW-68899 with L. L. Zahn ag co-author.

The Rediological Design Criteria for the Fuel Recycle Pilot Plant were completed
and distributed. The feasibility of moving Burial Ground #6 +o permi+ the
location of the FRPP facility due east of the 308 Building was studied.

landsverk Instrument Company icdicated that the cne hundred pro-otype lonization
chamber finger ring dosimeters, being obtained for final evalustion, will be
shipped by the end of March.

Development work on the new film badge dosimeter continued. Film shielded with
25 mils of +tungsten and exposed to =jual deses of filmzrsd X-riys with energies
from 52 to 17C Kev exhibited a density range of 10%. A~ higher energies, the
density increased by zbout 60% indica<ing +that a thinner tungsten filter iz
required to normalize the film response from Q.05 to 1L Mev. Tungsten filters,
20.8 mils in thickness, have reduced the density variation, st constant dose, to
about 10% over the energy range from 0.05 tc 1 Mev.

X-ray templates to code dosimeter film with the ares as well as the week and
year in which it was worn are being fabricatsd for use in <he badge processing
machine.

The design of the new automatic dersitometer has rsjuired considerable rework
by the Nucleonic Instrumentation Cpera=ion. The design is now 70% recompletsd
and the equipment about 40% fabricated. Necsssary parts for a-l alterztions
have been obtained and final completion of *his project is predic=ed for April.

The 9" diameter double moderator criticality dosime<er received additicnal
performance evsluation testing. The 2coil system similar <c the Savannah River
criticality dosimeter has bean added to provide the division of the aeutron
spectrum into five energy groups. Test perfcrmance to date indica<es “hat the
total single collision theory dese in rads car be svalust2d with an accuracy of

+ 15%. The performance of copper foils {irrsdiz<ed at neut~on energies ranging
from 0.230 “0 0.91€ Mev was found to be abour a factor of 5 less rhar the response
at 1.8 Mev. Thes> observa<ions indicate +ast a copper foil will be useful “or
measuring the tctal neutron flux be.ow abour 1L Msv,

Several thrasshold foil dstectors were expoissd ¢ neutrons to inve:tigate *the
feasibility of counvting rhe foiis on a sirgis chanmel counver. The neptunium
Pission foil calibration curve was calibreted 3231nst an acvwual nzutron exposure.
An analysis of the threshoid fcil det2ctcr systzm ani the double moderator
criticality system is being prepared. A neutron moierstor designed to provide
thermal weutrons from the posi+ive ior acczlzara*tdr has been completed and is
ready for instzlla+ion in ~he Posi<ivs lor Acceierator Bui.iing.
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A jig for use in positioning the impactor head on the portable impactor air samplers
has been designed. Six units were fabricated. To assure constant efficiency of
the impactor air samplers, 1t is necessary that the distance between the impactor
heed and the collector plate be maintained at a predetermined value. The jig
permits the checking and relocation of this spacing if necessary.

A review of calibration procedures and methods has been initiated in order to
define areas in need of improvement, correction, or development attention. An
extensive program to provide necessary modifications to procedures and ejuipment
is being initiated.. As part of this program, the K-fluorescent source was
re-examined and an appropriate new dose rate calibration obtained.

An electrically-driven system for rotating film dosimeters during routine cali-
bration at 16 and 59 Kev was designed to eliminate slight discrepancies in
K-fluorescent source beam intensities. Comparisons of dosimeters calibrated on

the rotating system and previously calibrated dosimeters show a significant
decrease in density variation between dosimeters. All of the ini+ial K-fluorescent
X-ray filters have been replaced. Each filter now has the same dimensions and
consists of a single sheet of material. The energy and dose rate obtained with
each new filter was reviewed prior to 1ts use. Some further studies of the energy
spectra remain to be completed.

Routine calibration and special services were provided to customer groups. A
total of 39.8 calibration hours were spent on special studies during the month.
The year-to-date total for special studies is 160.2 hours. The 220 KVP X-ray
unit was recalibrated with the free air chamber. The dose rate had drifted down
about 15% since the last calibration.

Sefety rules, emergency call list, and evacuation procedures were reviewed and
updated. The air conditioner switch wes pleinly identified, and a klaxon warning
born was.installed to signal for building evacuation as necessary. All radium
sources stored in the vault were given a leak test. Excess papers were processed
for 19 CP meters, 4 Juno meters, 4 GM meters, and other obsolete equipment.

A prototype Scintran instrument was received from General Electric, San Jose,
California, and is undergoing preliminary acceptance and calibration test.
The Bendix self-reading pencils were received and are being given calibration
performance checks. At this time, 28 out of 200 pencils received have failed
some portion of the acceptance test.

C. TRIPS AND VISITORS

David Wagstaff from the Oregon State Board of Health visited the Calibrartion
facilities on March 16.

C. M. Unruh attended the Pilm Dosimetry Performance Criteria Meeting held at
Germantown AEC office. L. R. Rogers, Assistant Director, Nuclear Materials
Safety for the AEC convened the meeting to discuss personnel dosimeter criteris.
The criteria being developed mey at a future date be utilized in evaluating the
verformence of commercial film dosimeter services.
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J. W. Novak and W. E Bleiler from Argonne National Laboratory, Lemont, Illinois,
visited Radiation Protection facilities to discuss radiation protection pro-
cedures and methods used at Hanford.

K. R. Heid attended the Nuclear Weapons Medical Symposium at Albuguerque, New
Mexico.

Seven of twelve papers submitted for presentation at the 1961 Annual Meeting
‘0of the Health Physics Society have been accepted thus far. The papers accepted

were:
1. "Columbia River Continuous Monitoring System™ - by T. C. Mehas
2. '"Radiological Protective Apparel Program At Hanford" - by T. C. Mehas

3. "A Portable Dose Rate Instrument For Measurement Of Natural
Background Radiation Levels" - by F. L. Rising

k., "Experience With An Ionization Chamber Pulse Reader At Hanford"
- by F. L. Rising

5. "Radiological Development Within The Hanford Rediation Protection
Program" - by C. M. Unruh

6. "Radionuclide Classification: Relative And Absolute Hazard" - by
J. W. Vanderbeek

7. '"Quantitative Measurements Of Some Gamma Ray Emitting Radionuclides
In Nuclear Industrial Workers By Whole Body Counting Techniques"
- by F. Swanberg

D. EMPLOYEE RELATIONS

Three suggestions were submitted by personnel of the Radiation Protection Operation
during the month bringing the year-to-date total to 8. Three suggestions were
adopted and one rejected. Three suggestions submitted by RPO personnel are pending
evaluation.

Three wers three medical treatment injuries during the month for a frequency of 1,20
No security vioclations occurred during March.

Radiation protection training included: three l-hour demonstrations of protective
equipment and their use were presented by radiation monitors to 90 members of

Lesign Engineering COperations; four 2-hour training sessions on radiological
problems at the Biology Facility were held with all 100 Area Firemen; and one 2-hour
talk on‘radiation protection was presented to all Hot Semiworks personnel.

UNCLASSIFIED
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E. SIGNIFICANT REPORTS

HW-66954 '"Radiological Design Criteria For The Fuel Recycle Pilot Plant" by
L. G. Faust and C. M. Unruh

EW-68T751 "Control Limits For Concentration Of Radioactive Materials In
Aqueous And Gaseous Effluents From The Plutonium Recycle Test
Reactor"” by G. E. Backman

HW-68851 "Analysis Of Radiological Data For The Month Of February, 1961"
by R. F. Foster '

HW-68899 "Maximum Liability Evaluation, Strontium And Cesium Shipments
Decalso Media" by E. C. Watson and L. L. Zahn

EW-69039 '"Monthly Report - March, 1961, Radiation Monitoring Operation” by
A, J. Stevens

L. C. Rouse presented a lecture entitled, "Some Health Physics Aspects Of
PRTR" to the Columbia Chapter of the Health Physics Society.
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-February 1961 - Mid-March 1961)

Activity Monthly
Sample Type and Location Type Average Units
Drinking Water
100-F Area Isotopic 0.7 % MPCy~GI*
Separations Areas Gross Beta 2.3 x 1077 uc/ce
Pasco ‘ Isotopic 9.1 % MPC, -GI**
Kennewick Isotopic < 1.0 5 % MPC, -GI**
Richland Gross Beta < 3.0 x 10~ pe/ce
Columbia River Water
Above 100-B Area Gross Beta 1.7 x 10~Cwwx uc/ce
100-F "Area Isotopic 3.0 % MPC,~GI*
Hanford Isotopic 2.5 % MPC,,-GI*
Pasco Isotopic 18 % MPCy-GI¥*
McNary Dam Gross Beta No Sample uc/ce
Vancouver, Washington Isotopic 0.5 % MPC-GI**
Atmosphere
Il3l Separations Areas 1131 6.8 x lO’lu uc/ec
131 separations Stacks . 1131 0.8 Combined cur.
Active Particles - Project -- 1.0 ptle/100 m3
Active Particles - Environs -- 0.1 ptle/100 m3

Vegetation (Control limit for vegetation is 1072 ue Il3l/g)

Separations Areas 713l 2.1 x lO°6 ue/g
Residential 7131 <1l.5x 10-6 uc/g
Eastern Washington and

Oregon Il3l No Sample

* The % MPC_, is the percent of the maximum permissible limit for occupational
exposure gb the gastrointestinal tract calculated from drinking water limite
contained in NBS Handbock 69.

** The % MPCy-GI is the percent of the maximum permissible concentrations for
persons in the neighborhocd cf controlled areas for continuous exposure to
the gastrointestinal tract calculated from drinking water limits contained
in NBS Handbock 69.

¥¥% This location is now sampled quarterly. The most recent result is tatbled.
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EXPOSURE EVALUATION AND RECORDS

Exposure Incidents above Permissible Limits

Whole Body Localized

March 1 1
1961 tc Date 1 3
Gamme. Pencils
Pencills Paired Readings Paired Readings Lost
) Processed 100-280 mr Over 280 mr Readings
. March 5,32k 67 3 0
1961 to Date 1, T2 213 13 0

Beta-Gamma Film Badges
Badges Readings Resdings Readings Lost Average Dcse
Processed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
mrad(ow) mr{s)

March 11,128 963 136 43 30 9 87 23.50
1961 to
Date 30,503 2,640 266 78 78 9.02 20.38

Neutron Film Badges
Film Reedings Readings Readings Lost
Processed 50-100 mrem  100-300 mrem Over 300 mrem Readinge

Slow Neutron

March 2,320 0] 0] 0 10
1961 to Date 5,232 o - 0 0 25
Fast Neutron
March T T9 10 0 10
1961 to Date 1,596 218 53 0 25
Whole Body Counter
Male Female March 1961 to Date
GE Emplcyees
Routine 41 2 43 148
Special 10 C 10 27
Terminal 0 0 0 1
Nonemployees 3 0 3 9
Pre-employment 0 0 O 0
. Total Sk 2 56 285
Bioassay
March 1961 tc Date
Confirmed Plutonium Deposition Cases 0 o%
Plutonium: Samples Assayed 8 518 1.933
Results above 2.2 x 107" uc Pu/sample 18 53
Fission Product: Samples Assayed 577 2,062
Results above 3.1 x 1072 pc FP/sample 0 2

Uranium: Samples Assayed 291 862
*¥The total number of plutonium deposition cases which have occurred at _
Henferd remsins 265. UNCT-ASSTFTED
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Uranium Analyses

Following Exgosure Fellcwing Pericd ¢f Nc Expe:s

Units of 10°7 uc U/ce Units cf 1077 uc U/cc

Number Number

Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation 80.3 3.2 T4 436.0 10.€ 62
Fuels Preparation* 1.7 1.7 i 0] o) 0
Hanford Laboratories 19.9 3.1 32 6.5 2.1 27
Hanford lLabcratories¥ 0 0 0 0] 0 0]
Chemical Processing 58.0 7.2 32 b1.7 €.2 38
Chemical Processing* 81.h 47.1 2 16.8 8,2 3
Special Incidents 470.0 51.4 18 0 0 0
Random 1.0 1.0 2 o] 0 0

¥Samples taken pricr tc and after a specific job during werk week.

Thyroid Checks
Checks Taken
Checks Above Detecticn Limit

Hand Checks
Checks Taken - Alpha
- Beta-gamma

Skin Contamination
Plutonium

Fission Products
Uranium

CALIBRATIONS

Portable Instruments
CP Meter

Juno

GM

Other

Audits

Total

Perscnnel Meters
Badge F:lm
Pencils

Cther

Tctal
Misceilaneous Special Services

Tctal Number of Calibraticns

Manager

March
0
o)

30,682
42,968

29
Lé
1

Number of Units Calihzated

19€L o Date

0
0

87,339
139,998

129
'ZLL

Mar:zh

852
220
433
160

—22

T, 764

Radiation Frotection

1230015

1961 to Date

2,71C
703
1,782
197
312
< ,00%
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LABORATORY AUXILIARIES OPERATION
MONTHLY REPORT - MARCH, 1961

GENERAL
There was one security violation charged to the Operation.
There were no major injuries; the minor injury frequency rate was 2.29,

which is considered below average experience.

TECHNICAL SHOPS OPERATION

Total productive time for the period was 19,837 hours. This includes

14,721 hours performed in the Technical Shops, 3,621 hours assigned to

Minor Construction, 259 hours assigned to other project shops and 1,236
hours assigned to off-site vendors. Total shop backlog is 21,651 hours,

of which 60% is required in the current month with the remainder distributed
over & three-month period. Overtime hours worked during the month was

8.3% (1,457.9 hours) of the total avallable hours.

Distribution of time was as follows:

Man-Hours % of Total
Fuels Preparation Department 4,957 25.0%
Irradiation Processing Department 739 3.7%
Chemical Processing Department 646 3.3%
Hanford Leboratories Operation 13,298 67.0%
Construction Engineering & Utilities 17 0.1%
Miscellaneous 180 0.9%

Requests for emergency service increased sharply, requiring an overtime
rate of 8.3%, compared to 5.4%, the previous period. A majority of the
requests originated from the Weapons Component Operation in CPD and the
PRTR Operation in HIO.

At the close of the reporting period, there were two open requisitions for
Machinists and one for a qualified Instrument Technician. Candidates for
these positions have been processed and final call-in issued. Two Machinists
were added to the roll during the reporting period. A Junior Engineer
associated with the Manufacturing Training Program was assigned to the
Technical Shops for a six-month training period. Exposure to all phases of
shop operation is planned, with vacation relief duties furnishing the

ma jority of the experience.

Security performance was considered satisfactory, with no violations. There

were nine medical treatment injuries, which is considered within the normal
control level in an operation of this type.
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CONSTRUCIION OPERATION

There were 65 existing J. A. Jones Company orders at the beginning of

The month with a total unexpended balance of $110,743. One hundred and
fourteen new orders, 2 supplements and adjustments for underruns smounted
tc $78,072. Expenditures during the month on HLO work were $117,723.
Total J. A. Jones backlog at month's end was $75,232.

Summeary
HL CE&IC
Unexpended Unexpended
No. Balance No. Balance
Orders outstanding beginning of month 6L §$ 106,238 1 $ 4,505
Issued during the mo.(Inc.Sup.& Adj.) 1lb 73,072 1 8,524
J.A. Jones Expenditures during mo.
(Inc. C.0. Costs) $ 106,148 $ 11,575

Balance g% month's end 69 73,162 1 1,45k
Orders closed during month 109 227,211 0 0

FACTILITIES ENGINEERING OPERATION

Pro jects

Trhere were 12 authorized projects at month's end with to+al authorized funds
of $1,942,000. The total estimated cost of these projects is $8 812,000.
The difference between expenditures and estimated cost was $7,569,000, as

of February 28, 1961.

The following summarizes the s*atus of FEO project activity:

Number of authorized projects at month's end 1z
Number cf new precjects authorized during the month: 2
CGH-923 - Spectroescopy Laboratory - 325 Building
CAH-921 - Geological & Hydrological Wells - FY-AL
Projects completed during the men<h: 3

CG-785 - In-Reactor S*udies Egquipmen- - 105 KW
CGH-805 - High Temperarure Tensile Testing Cell - 327 Blig
CGH-9C7 - Strentium-90 Interim Program

[xe]

New projest prcposals submivtted to AEC during month:
CGH-922 - Burst Test Facility for Irradiarted Zr Tubes
CGH-527 - Additions To Z71-CR Bu:lding Waswe Treatmen~®

Demonstration Facili+y

UNCLASSIFIED
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New projects awaiting AEC approval:
CGH-902 ~ Uranium Scrap Burning Facility
CAH-G17 - FPield Service Center
CGH-918 - Second Whole Body Counter Cell Addition - 747 Building
CGHE-919 - 31L Building Ventilation System
CGH-922 ~ Burst Test Facility for Irradiation Zr Pubes
CGH-924 - 200 KW Induction Heating System - 306 Building
CGH-927 -~ Additions to 271-CR Building Waste Preatment Demonstration

Facility

Project Proposals complete or nearing completion:
Coolant Systems Development Laboratory
Laboratory Waste Retention Facilities Expansion
Safety and Operating Improvements - 231-Z Building

Engineering Services

Engineering work performed during the month included the following listed
major items as well as scope engineering for project proposals.

Title

Pressure Vessel and Piping Systems
Engineering & Inspection Service

"Split-half" Machine for Critical
Mass Studies

Control and Safety Rods for Tamper
Tenk (Critical Mass)

Beryllium Dust Filters - 306 Bldg.
Electrical Modifications - 3702

Building

1230078

Status

This is a continuing work program on

HLO vessels, pressure systems end re-
lated safety devices. The work includes
not only periodic inspection and enginee-
ring evelustions of plant pressure systems
but engineering service during design,
fabrication, installation, and operation

to R & D components having process devices
subjected to high pressures and tempera-
tures. Code compliance engineering service
work is being performed on 1) PRTR Systems;
2) Irradiation Studies Loop; 3) Breakaway
Corrosion Loop; and, 4) HLO PAC & Equip-
ment Projects.

Mechanicel design of machine is essentially
complete. Electrical design work remains.
Components have been purchased and are
being assembled.

Design work 1s nearing completion. Develop-
ment work 1s required prior to completion
of design.

Fabrication and installation work is
complete.

Field work is delayed pending availebility
of craftsmen.

UNCLASSIFIED
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Title S<atus
Filter Changer - CWS Drawings are being prepared of the

proposed design involving a technique
uging plastic bags and shielded car+.

327 Water Basin - Clean-up System A study is being made of a recirculating
filter system for removing radiocactive
contaminates from storage basin water.

Cask Storage - 327 Building A study is being star¥ed.

Material Handling System and Other Engineering work is in progress.
Shop Improvements - 328 Building

Motorized Door Opening Device - Design complete. Installation work is
327 Building in progress and will be complete about
April 15, 196A1.

Modifications to H-l Loop - 105-H Conceptual work is in preogress.
Building

Arrange space and install utilities Design work in progress.
for business machines - 3760 Bldg-

Source Positioner - 3745 Building Design complete. Material on hand.
Installation depends cn craft forces.

Special Air Conditioning - Ins*allation work is essentially

Laboratory in 222-U Building complete.

Zone Modifications - 325 Building Design is progressing on *the addition

Air Conditioning System cf rehea~ coils and asscciamed contrcls
to -ne air conditicned space cf 325
Building.

Draffing and Design Services

Work load in 3706 Building drafting room 15 ccnstan® with some overtime
work required. Branch offices in 306 and 308 Buildings have work lcads
wivhout backlog. The 308 Building drafving rocm was reduced bty one man to
berter equalize work load. The equivaien< of 85 design drawings were com-
pleted this month.

Major design and drafting work in progress includes the following:

1. Structural Materials Irradiaticn Test Facility - design - 43 dwgs.
required - 95% ccmplete.

2. Thermal Precipizator - 5 dwgs. reqiired - b40% complete.
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3. Critical Facility - approx. 20 dwgs. required - 95% complete.

L. Process Calciner - 25 dwgs. estimated - 80% complete.

5. Trensfer Cask - 327 Building - 7 dwgs. - complete.

6. Rupture Loop Mock-up Facility - 15 dwgs. required - work started.
7. Process Tube Monitor Mark III - 6 dwgs. required - work started.

Plant Maintenance and Operation

February costs were $136,309 which is 97.2% of forecasted expenditures.

Analysis of Costs

The cumulative expenditures continue about 2.8% below forecast to date.
The emphasis on PRTR work has curtailed other maintenance because of
craftsmen availability. The weather remains milder than normal with
reduced steam consumption.

Improvement Maintenance

Item , February
Relocation and alteration 4 920
Repainting 6986
Reroofing 0
Electrical Mcdifications ' 383
Piping Modifications 1191
H & V Modifications (854)
$ 8626

Waste Disposal and Decontamination Service

New lead casks were received during the month for waste disposal. These

are being used on a trial basis and will be evaluated. The latent radia*tion
in the liquid waste handling trailers appears on the increase. This is
noted even shortly after decontamination of the trailers. The first step

to be taken is to place a layer of lead over the front ends of the *trailer
thus protecting the tractor driver. Concurrently, a long range study is
being initiated of liquid waste handling procedures for HLO.

Plant Engineering

Approximately 24,700 square feet of prints were reproduced during the
month.

The total estimated value of the 20 requisitions issued during the month
was $40,0C0. The majority of this procurement activity is for approved
HLO projects.

UNCLASS IFIED

1230080



UNCLASSIFIED Hef TW-69062

Peinting continued in 32% Bullding.

Interior painting was completed in 3707-C Building.
Painting of certain rooms in 231-Z Building continued.
Painting was started in 3745 Building.

The replacement, rerouting, and shielding of the crib waste line in 327
Building is being performed by J. A. Jones Construction forces.

A new type of sump pump was installed in basement of 326 Building to

solve flooding problem; however, misoperation of controls allowed flooding
to occur. These controls (float and guide) have been adjusted and the
pumps are now being checked by the operators on each shift for proper
operation.

Electrical Load Studies are being made in 325 and 3760 Buildings.

A drain line of adequate size connected to the 328 Building air washer was
installed. This should minimize overflow problems and resultant damage to

occupied space.

The crane in 314 Building is out of service until repairs are made. Material
is on hand. Motors have been overhauled. Work will be complete about
mid-April.

Improvements to safety features of 325-A Building ventilation system will
be instelled during April. '

The crane in 321 Building is being readied for inspection and repairs.
Eswimates have been ob*tained for redressirg crane rails in 327 Building.
Critizality alarm systems installed in the Hot Semi-Werks and Cri%ical

Mass Laboratory are being interconnecwed.

TECHNICAL INFORMATION OPERATION

James Cape, of the AEC Technical Book Section, visited Technicsl Information
on Marzh 20 - 21 in ccnnecwion with the Commission’s beok publishing program.
Hanford bocks on Graphite, Plutonium, Radioactive Wasvte Disposal and on
Envircamental Radia*ion Biclogy were di:z:ussed. The diszussions also brough™
out the fact that a Hanford took on Radicactive Waste Mconi-oring might filil
a definite need. An outline is being prepared.

UNCLASS IFIED
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Word was received late in the month that the Division of Classification
hes reinstated previous instructions on classifying plutonium. These
instructions permitted certain limited quantities of plutonium, for use
in unclassified projects, to be handled as unclassified.

A major bibliogrephy "Review of Power and Heat Reactor Designs -- Domestic
and Foreign" was completed during the month. Fifteen copies were prepared
for internal HAPO use. The multilith masters are being forwarded to the
Office of Technical Infom ation Extension, Oek Ridge, from which they will
be able to reproduce additional copies as off-site demend warrants.

A comprehensive bibliography on the Columbia River has been started. It
will consist of about 400 Hanford reports, a few from the Public Health
Service and other sources, and also selected references from the open
literature of the last several years.

The Classified Files microfilming progrem is proceeding steadily, with
22,800 documents microfilmed to date. Considering the age of most of the
documents being microfilmed, there is a surprising amount of use of the
microfilm files. Classified Files is averaging 250 - 300 requests per
month for the films.

The review for "Limited Circulation" and "Atomic Weapon Data" markings

on all documents microfilmed to date has been completed. All documents
presently being prepared for microfilming are being screened and marked
by the Inventory Clerks. Some thought has been given toward providing
title information for future microfilmed documents. It appears that this
information could be obtained from an additional catalog card produced by
the Flexowriter after the installation of the Card-a-type system. The
title could be clipped from the card and inserted in the microfilm jacket.

Work Volume Statistics

February March
Document Distribution and Files
Documents routed and discharded (copies) 22,215 19,763
Documents issued (copies) 14,361 11,466
Documents sent off-site (copies) 8,182 5,700
Document reserves filled (copies) 617 671
Documents picked up and delivered 20,827 19,11k
Document Accountability
Holders of classified documents whose files _
were inventoried 28k 411
Documents inventoried in Files (copies) - --
Documents destroyed or retired (copies) 15,344 13,475
Documents revised (copies) 1,196 1,181
Documents pulled and documents filed (copies) 21,465 18,391
Documents reclassified ) €51 602
Documents microfilmed 4,843 4,220
Accountable copies of SECKET and DOCUMENTED
CONFIDENTIAL documents on-site 207,343 204,941

1230082 UNCLASSIFIED
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February March
Reference and Publication
Books cataloged (new titles) 16 38
Books added to the sollection {volumes) 327 302
Ready reference questions answered by
professional staff 200 223
Literature searches by professional staff 90 71
Reports abstracted (titles) 2h1 287
Formal reports prepared (titles) 16 9
Off-site reques®s fcr HAPO reports (copies) 231 181
Reports released %o CAP (#itles) 48 17
Library Acquisitions and Circulation
Books ordered (volumes) L70 377
Periodicals crdered 172 208
Books circulated (volumes) 1,935 2,519
Periodicals circulated {issues) 3,201 L,ikh
Inter-Library Loans ' 83 81
FPilms becrrowed or rented 20 10
Industrial film showings 77 53
Bound periodicals added to the collection 133 172
Bound periodicals discarded 35 1
Library Coliection:
Main Litrary W-10 Librery 108-F Library Ind. Med. To=~
No. of books 31,138 8,603 1,757 2,0ke 43,540
No. of bound
periodicals 14,418 1k 1,891 A 14,294
Ls,356 8,617 3,648 2,052 59,838
Classification and Declassifi-ation
February Marzh
Documen+z, incliuding drawings and pho<ographs
reviewed fcr downgrading or declassaificaticn 246 351
Dozumen=e and papers ‘in*tended for oral presentaTion
or publization) reviewed for appropriate :zlassifi:ation ks 26
Documents submitrted +*o Declassification Branch,
Qalc Ridge 37 Al
%
Manager,
Latoresory Auxailiaries
JL Boyd: juw

1230083
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SEMI — MONTHLY PROJECT STATUS REPORT HwW- RA0AZ
GENERAL ELECTRIC co. — [Fuford Loborntories DATE 3/’3]_/'5].
PROJ.NO. TITLE FUNDING
CC-783 T~ rchor Ctucics aouipment - 105 KU 0290
AUTHORIZED FUNDS [pESIGN § }y{}(}oo "AEC S €OST & COMM TO 3..]_9..61 H 283,257
s 325,000 |Const. s 278,000 hs s 325,000 ESTIMATED TOTAL COST $ 305,000
STARTING DESIGN J=D=_C DATE AUTHORIZED C~¢ =00 EsT'D. |oESiGN :‘.Q—SOW PERCENT COMPLETE
DATES const. 3-22-00 DIR, COMP. DATE 3-—]_-\3]. oATES | const. 3=1-0L1 WT'D: |SCHED. ACTUAL
ENGINEER DESIGN 100 100 100
Fi0 - H. Radow TITLE |
MANPOWER AVERAGE |[ACCUM MANDAYS || SE-TIT.1 ] 100 1CQ
FIXED PRICE AE-TIT. |}
COST PLUS FIXED FEE
PLANT FORCES 2 1250 CONST. 100 100 100
ARCHITECT~ENGINEER PF 100 (102 100
DESIGN ENGINEERING OPERATION 0 710 CPFF
P

GE FIELD ENGINEERING

SCOPE, PURPOSE, STATUS & PROGRESS
This project provides a research and development facility to permit instantaneous
measurement of physical properties of materials under dynamic in-reactor end
simultebeous cx-~receter conditionse.

Work on the exceptions is continuing, but is being held up pending receint o e
remaining procurement items. Since this prolect hes oo coumloted, wiih aingy
exceptions, it will no lon er be TePOrILeiis

PROJ. NO. TITLE FUNDING
CGH-805 Hizh Temperature Tensile Testing Cell - 327 Building 0290
AUTHORIZED FUNDS [egians 20,000 [aEcs cosT scomM.To  3-1C-61 s 16/4,867
s 170,000 1 const.s 150,000 lcs s 170,000 ESTIMATED TOTAL COST s 1568 00V
STARTING [pesion O=20=58 DATE AUTHORIZED  §~G-60 EsTD: [oesian 6-15-59 PERCENT COMBLETE
DATES lcons'r‘ 9_114__60 DIR. COMP. DATE L._]1-61 DATES |consT.U-1-61 WT'D. | SCHED.|ACTUAL
ENGINEER DESIGN 100 100 180
I'EO - KA Clark TITLE | 100 100
MANPOWER AVERAGE |ACCUM MANDAVYS|GE-TIT. 1| 10C 100
FIXED PRICE AE-TIT. 1|
COST PLUS FIXED FEE 740
PLANT FORCES CONST. 100 100 100
ARCHITECT ~ ENGINEER . PF 2 100 100
DESIGN ENGINEERING OPERATION 285 CPFF 35 100 i0C
GE FIELD ENGINEERING 50 FP
]Mat ‘11 63 1100 1300

SCOPE, PURPOSE, STATUS & PROGRESS

This project provides equipment for performing room and high temperature tensile
tests on highly irradiated materials and involves the installation of 2 cell in the
327 Building.

The project is complete with the exception of installation of the in-cell tray to be
fitted tightly around operating equipment and the normal start-up adjustments and
modifications. The Physicel Completion Notice is being prepared. No further
reporting will be made.

1230084
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s 995,800 I const. s 995,C

1’AEC s

e s 955,050

GENERAL ELECTRIC CO. — Hanford Laboratcries DATE E/BL/G;
PROJ.NO. TITLE FUNDIN G -
CAZ-822 Pressarized Tas Jooled Fac.lity Liur.Opers .
AUTHORIZED FUNDS [pesian § ),Lcﬂf:m‘) COST & COMM TO s

ESTIMATED TOTAL COST

s, 20U Al

REDO DP Sehively -

g ST’De | Te Y
STARTING [DESIGN 2.19-59 DATE AUTHORI ZED EST'D- loEsioN -2 ..? PeRcENT f:oMFLEch
PATES | o et 10.77.60 OIR. cOMP. DATE  H-20-6.1 OATES | consT 9= =TwBL WT'D. | SCHED.'
L1002 2 . ]
ENGINEER DESIGN 100 100 )
TITLE | ;

w00 00

~ MANBOWER AVERAGE JACCUM MANDAYS
FIXED PRICE AE-TIT ||
COST PLUS FIXED FEE
PLANT FORCES CONST. 100 71
ARCHITECT=ENGINEER PF Jj—~
DESIGN ENGINEERING OPERATION CPFF o2 50
GE FIELD ENGINEERING FR 8 Q=
SCOPE, PURPQSE, STATUS & PROGRESS
The NaK hea*er is bsing preparsd for ret.rn <o StritherseWells for alt R Ralohon o
A entraie fe- $8.400 was awarisd to Struthires Welle for devtail d-sipn Cf Tas
Gas-Leep Shiziding.
PROJ."NO. TITLE Mcdlfizations & Additi ons <o High Pressurs dHeat FUNDING
CizE-82L Transfsr Apparatas ~ 199-D Building 223C
AUTHORIZED FUNDS | oeqian s -6,0.),‘ [aecs COST & COMM, TO  +=:9wZ0 ¢ 297 BLS5
s T2C.T00 ICON!T-S 6:"“ neC 1&5 $ 7-’30; NG ESTIMATED TOTAL COST S 7L ; alsh
STARTING [pesion == 20 <59 " DATE AUTHORIZED 4T =50G E3T'O. oEsian - D=2 PERCENT COMPLETE
pates 1o o Lo22.59 [om. comp. oaTE Lol DATES |consT. b= D=4 WT'D. | SCHED.ACT
ENGINEER DESIGN oo | L7 i
'ED « T, Radcw TITLE | ; ‘
MANPOWER AVERAGE |ACCUM MANDA YS[/GE= TIT. I | oS LDT
FIXED PRICE AE-TIT. 1| ‘
COST PLUS FIXED FEE i iThN ! =
PLANT FORCES i CoNST. | 100 . L~ |
ARCHITECT - ENGINEER 1 pF . X
DESIGN ENGINEERING OPERATION j 1 96‘ CPFF .L" - B ~A"‘ -
GE FIELD ENGINEERING P

—t

SCOPE, PURPOSE, STATUS & PROGRES

1]
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SCOPE, PURPOSE, STATUS & PROGRESS
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GENERAL ELECTRIC CO. — Hgnfcrd Laboratories oATE  3/31/6L
PROJ.NO. TITLE FUNDING
) B 1
CAE-8L2 critical Reactivity Msasuring Facllifty 58-e-15
AUTHORIZED FUNDS [pesien 5 45,000 Tagc s 1b2,000 CoST 4 COMMTO  3.19-61 § 21k, 934
' S
360’000 1ccns1' s <15,000 565 s 2,000 ESTIMATED TOTAL COST 560,000
STARTING |DESIGN 1i=17=59 DATE AUTHORIZED g"o:"giuoesncu 2.l-61 PERCENT COMPLETE
DA TES CONST. 10_3_60 DIR. COMP. DATE l|...30_6]_ DATES cons'r-)-lm 10_6]_ WT'Ds |SCHED. |[ACTUAL
ENGINEER DESIGN 100 100 1G0
REDO - WS Kelly TITE |
MANPOWER AVERAGE [ACCUM MANDAYS || GE-TIT.1}
FIXED PRICE AE-TIT. ||
COST PLUS FIXED FEE
PLANT FORCES i CONST. 100 NS 32
ARCHITECT-ENGINEER PF
DESIGN ENGINEERING OPERATION CRFF
GE FIELD ENGINEERING FP 40 80x 80
SCOPE, PURPOSE, STATUS & PROGRESS i
t
Ccntractcr has the lock in peosition and grcutzd. Cperating mecranism 1sg still 40 te
instalied.
-- . - o, . [
All concrate werk is comple te and instailation cf the strmuctural stesl ras shtartad, ;
* Revised sshadule. The ceontracior was gran+ed a U8-day sxersicn dus to late
delivery cf the loak.
|
i
i
|
i
PROJ. NO. TITLE FUNDING
CzE-858 Eigh Level Utility Cell - 227 Building 0290
AUTHORIZED FUNDBS [ o 7 70,000 AEC § COST §COMM. T0 T2 Gufl e Nehie
s 70,000 CONST.S se §  75.000 EST!IMATED TOTAL COST s Loz, o7
STARTING [pgsign 11=2-59 DATE AUTHORIZED 15_7..5G E;I«.g;. pesign 2«61 PERCENT COMPLETE
DATES  |consT, BalnaBis DIR, COMP. DATE DATES |coNST. 2. _.ED% WT'D. |scHED.[AcCTUAL
ENGINEER DESIGN 100 e I;"‘O _
FEQ KA Clark TITLE | h
MANPOWER AVERAGE |ACCUM MANDAYS(|GE-TIT. 11 95 | 100 o0
FIXED PRICE AE-TIT. | | ’
COST PLUS FIXED FEE V?Lin [ ~h :ﬁ‘
PLANT FORGES ! CONST. 100
ARCHITECT - ENGINEER J fF
DESIGN ENGINEERING OPERA TION CPFF
GE FIELD E
NGINEERING Fe Ir 1| ;

erig

er.a

<2 and iInvoives :he f

21
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GENERAL ELECTRIC co. — :ar®zri laboritorizs DATE 3/ 4,/6.5
PROJ.NO., TITLE FUNDING
JAE-E£6 Shr2lisd Apaly+s - sl laboratory - 25 2 Bullilcg AL.a-l
AUTHORIZED FUNDS |pesiGN § 6 nr o iAEC S LS o COST & COMM TO "u;’-)oé;'. $ .5.7CT
2,000
- MAT TQTAL COST H b ~ rrA~
s 6-40CU 1C°N$T.$ GE $ 18 700 esn ED 7CT.CC0
4 SR <rg) ‘. b leabl
STARTING lOESiGN I=C<D3 OATE AUTHORIZED 5= 3..=EC gs1'0- oEsIoN. la év Fz}ncs.nn gnup;srfc
DATES | onsT. DIR. COMP. OATE DATES |cownsT 3=L-52 | WT'D- | SCHED.
ENGINEER oEsiw | 100 | .°D 2
FED - RW Daszcznz TITLE I
MANPOWER AVERAGE [ACCUM MANDAYS || GE-TIT. 25 ¢ ~
FIXED PRICE AE=TIT 1) L0 I
COST PLUS MIXED FEE
CONST.
PLANT FORCES 100 NS
ARCHITECT=ENGINEER PF ;
DESIGN ENGINEERING OPERATION CPFF !
GE FMELD ENGINEERING FP
SCOPE, PURPQOSE, STATUS & PROGRESS
Thiz project will allow gr2atsr capacity 20 sza v~ 2ial work inve. v‘ng 2day s mrs
high y madicactive enlu%izus apd zomslizts of addiig a ski=1i:3 laber L The
325 Bui_ding.
A r2zly was given t2 AET on March 8, 1961 to thylr~ zaylriss somcerssing the 317«
fer this facilizy.
PROJ. NO. TITLE FUNDING
CAE-S€7 Fuel Elsmert Furtare T3t 1ood SFu2.05
AUTHORIZED FUNBS  oegion s 13,000 fagcs 77C 7 COST gCOMM.TO_ T..” 3.AT S L 68
s 1,597,000 lcourr.s =, 270,007 leg s - 70T ESTIMATED TOTAL COST s L ESn T
STARTING IrDESIGN Holeols DATE AUTHORIZED gg;'g;- IDESIGN :_--;;_5:1";: PERCENT COMPLETE
OATES | . gy, lo=2wB0 OIR. COMP. DATE 1 o % . b DATES |CONST. - =™ WT'D. | SCHED. |AC"
ENGINEER DESIGN 100 ! - ‘:\,: ;:-‘:
REDO - 27 Wal kit TITLE | :
MANPOWER AVERAGE |ACCUM MANDAYS|GE-TIT. 1 27 SAan -
FIXED PRICE AE- TIT. (1 2 an L
- -
COST PLUS FIXED FEE 1 ! )
| f
| PLANT PORCES CONST, i ) bl
‘ ;100 [ |
ARCHITECT - ENGINEER i PF ?
OESIGN ENGINEERING OQPERATION i CPFF j - E
GE FIELD ENGINEERING } FP . = E J }
| BTN |
| SCOPE, PURPOSE, STATUS & PROGRESS = “
bl G, A, Zrant To.
i
i AL dezign rawmngs and oCmIToiITIon 3pEcsf_taviclr fevs Rean 3y, vIval.
et = o~ -« e - - - - - - ~— - <
# Letall Deslign. Scozs zziign tar—:io oL/ /S3apd izwoloes? 5/4°.
P Watsr plant wamatruction osctedaisl foo o smarr ong B/U7€L. Letting it The bed kas
hezn i2.:v=1 by AF ..
"o
123008
Y REE LA -
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W= AQ0RZ

GENERAL ELECTRIC co. — Farford laboratcriss DATE 3@:!/61
PROJ.NO. TITLE FUNDING
TAB-97C  [Facility for Rezovery of Radioactive Matarials-325 Bldg. €C-a-1
AUTHORIZED FUNDS [pesign s LG, 00 fascs L6 00 COST & COMMTO 3.79.61 ) {GE)
s 1!_86,000 Icousr. P )-!-)-LQQOOC LGE s Lo, 0GT ESTIMATED TOTAL COST H h8'6qn N
STARTING [DESIGN =a~2U=59 DATE AUTHORIZED 2e22-60 EST'D. [oesian -2=-60 PERCENT COMPLETE
DATES L"N"- 5~6-60 DIR. COMP, DATE HalwBL 0ATES |const. H=2-61 WT'D. |SCMED. (ACTUAL
ENGINEER DESIGN 100 =00 102
FEO - RW Dascenzo TITLE |
MANPOWER AVERAGE (ACCUM MANDAvYS |[SE-TITq | 10U 1 100 10C
FIXED PRICE 14 2938 AETIT | K 100 100
COST PLUS FIXED FEE
PLANT FORCES CONST. 100 99 5]
ARCHITECT=ENGINEER PF - ico 120
DESIGN ENGINEERING OPERATION CPFF
GE FLELD ENGINEERING FP | 99 399 99
$COPE, PURPOSE, $TATUs & PROGRess Thiz project will provide a facility for rec Lv=* cf spaczific
radioisotopes from wasta2s, and involves an addition to the 325 Builiing.
Work complatad the last two weeks is as follows:
1. Due to a design change modifying Veult "A" tank nozzles the fixed price contracter’
completion date was extended 1l days to L4/8/61.
2. All testing of mechanical and electrical work is completed.
3. A second punch list has been made and items of work are being zomplisted.
L. A1l cover slabs have been placed on Vaults "B","Z" ani trench. The bottoms %

these slabs and the main floor remain to ba2 painted.
item of work is polishi
The temporary wood in exhaust duct was removed and the permenent duct installed.
All doors have been hung and hardware installed.

-~ O\\n

ng of all S/5 liners.

The other large remaining

e

. The last remaining section of main floor slab was poured.
PROJ. NO. TITLE FUNDING
CAH-888 Biology Laboratory Improvements 60 k="
AUTHORIZED FUNDS OESIGN § 140,000 J{AEC s 30)0(_‘.0 COST & COMM. TO 3-.9=H1s ;‘99’3
\ “ -
s 40,000 CONST. $ lcs s 1C,00C ESTIMATED TOTAL COST s L2n omn
STARTING [pesign  H=B-60 ]nATE AUTHORIZED G, D60 5;L'E'L_[ossna~2i21g6;_ i PERCENT COMPLETE
DATES CONST. 6.9_-61* DIR, COMP. DATE DATES |cONSTC.15.60 WT'D. SCHED. |ACTUAL
ENGINEER DESIGN 100 e BN
ey -
=0 JJT Lloyd TITLE | 1
MANPOWER AVERAGE [ACCUM MANDAYS(GE-TIT. (1 17 N2 i soe
FIXED PRICE AE-TIT. (1 “7 | N3 pEAY
COST PLUS FIXED FEE -
PLANT FORCES CONST, 100
ARCHITECT ~ ENGINEER PF i
DESIGN ENGINEERING OPERATION CPFF T
GE FIELD ENGINEERING Fe
SCOPE, PURPOSE, STATUS & PROGRESS
This project provides addi*icnal spacs for bioclicgical reszearch g pporting ssrvices.
and invoivas an addition to the 1OS=F Building.

2. D. Bohna reviszd the L0 tmacizgs and 15 specifizat
2 trip was made by G. E. perzoarsl to »rzsolve any o
trelr zending all drawings and spenlifications tc Hanf

w

Based upon award of

1230088
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HW-  AGDAL

DATE 7/‘2:_/6'

GENERAL ELECTRIC CO. —  zZgneond Iaberatories 2/2 o
PROJ.NO. TITLE FUNDING
JAE-296 Stress Ruptire Test Faclility S
AUTHORIZED FUNDS jpgsign s 7, 500 agcs 78,502 COST 4 COMM T0 Zol JmE s 9,171
s 97,0CC 1co~s1-. s 22,520 i ge § 1,5CC ESTIMATED TOTAL COST s 5,200
STARTING DEsIGN [ = 23=E0 DATE AUTHORIZED -=D=~8_ EsTD: DESIGNL 2= L ~0L PERCENT COMPLETE
DA TES Lcous'r.i-6-6l DIR. COMP. DATE 13-1_5-6:_ paTES co",f,__u_‘sa6l [ WT'D: |SCHED. |A:
ENGINEER " {loesien 1 100 “Co )
&2 - E., Radow TITLE
MANPOWER AVERAGE |ACCUM MANDAYS [[SE-TIT.r | UG | LUU i
rixeo emice (Q20. A. Qrant, Inc. AE-TIT. [ (
COST PLUS MXED FEE : f !
PLANT FORCES : CONST. 100 >
ARCHITECT=-ENGINEER PF |
OESIGN ENGINEE.RING OPERATION CPFF
FP

GE MELD ENGINEERING

SCOPE, PURPOSE, STATUS & PROGRESS
¢35 troject involvas a facility for deliberataly upturin
jervizs conditions.

tonize o z2taboisk

8

~cnstristiop has started as of 3/20/€i. Comtractor has mevad his offize cnesi<a
and has made preiiminary ckecks rrior tc gstting umizmmy.

PRQJ. NO. TITLE FUNDING
| CAE=907 Structural Material Irradiation T°st Egquiprent - ETR 230
AUTHORIZE [ 4 - - ) -
P FUNGS ogmans 12 000 anc s COST aCOMM.TO ..° .47 § 33 2A:
b - -~ - - - - .
s 125,000 consT.$ 133,000 lcs s 25,020 ESTIMATED TOTAL COST S LRI
STARTING ‘wnzmcu P 1560 DATE AUTHORIZED 9.,2,63 5:‘; g;_ pbESiaN be_ €l | PERCENT COMPLETE
oates  |consrhel5-A1 DIR. COMP. DATE - 5. £ | oATES |consT.1C. 5.6 wT'o. [scneo. lac
ENGINEER DESIGN 100 | .00
TR = KA ‘_a k TITLE |
MANPOWER AVERAGE |[ACCUM MANDAYS|GE-TIT, [ MEall AN
FIXED PRICE AE-TIT,. ||
COST PLUS FIXED FEE B
i PULANT FOR
CES CONST, 100 .
ARCHITECT = ENGINEER PF i
OESIGN ENGIN - ~ r
EERING OPERATION N A5 CPFF | ; !
GE FIELD ENGINEERING ) Tep i ‘ |
! # i {
| | | i
‘ SCORE, PURPOSE, STATUS & PROGRESS
|
j Thiz £rojzct pro for th: lrcsta_articon 2f :ruitme tv oav the ZTR for wihlizhn ihang
irn =kz physizal ;r ;ertjes of r2ran-Ir itoucTaATal WETACLALE 2 Lisctel to LIEACTOT
j mnilzioznz can be depermizzi.
i
t
ofrlgr I3 eamplsTe
A onferaqce wi+h *hw :h,.- Te TeTro s TImITasy L T g omeer 1: ozohry.l bifoh
3.29-61, to plar ks ingtalla~zcn oF sns = g pusve, 4 SihEylie for cnii o tactita
of ths work wo!_ »e iEVE;J:?i;
~
12300849
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SEMI — MONTHLY PROJECT STATUS REPORT AO0RL
GENERAL ELECTRIC CO. — rgmfr=3 Igporatcriss DATE ",/?l/f:_.
PROJ.NO. TITLE FUNDING
TEE-H 2 Teegndon Sersp Suwning Facllity €=}
AUTHORIZED FUNDS |pESIGN § TAEC S COST & COMM. TO s
s 6. 013 Icorqs'r s GE § ESTIMATED TOTAL COST $ ?6;?”_
STARTING DESIGN 52 "2“,\5‘,% DATE AUTHORIZED E%L'EL.JDE"GN ~. B4 PERCENT COMPLETE
DATES CONST. . =Hl DIR, COMP. DATE DATES | cCONST: WT'D: |SCHED. |[ACTUAL
ENGINEER DESIGN 100
FEC - RX Waldmac, TITLE
MANPOWER AVERAGE |ACCUM MANDAYS || GE-TIT.10 ‘
FIXED PRICE AE=TIT 1) ;
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT—ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP
SCOPE, PURPOSE, STATUS & PROGRESS
Thiz pooject proviils: a means of making uran.um g3r8p msc°wia' safer for storages and
o“-p_an skl prent by converting this scrap Tto a stable uranium cxiie. The
facilisy wiil ke adjacent to the 232 Buildi.
Directive and work authority have been received but ne work was started wtili raview
Metheois

by Generei Elsc
of Perforxing Work.

tric “ompany haz been made regarding AE" s proposed changw

% Based oz acazphancs of & Alrestive and work authority by May L. L6
PROJ. NO. TITLE FUND'NGL}S% T4
Sar-907 Stroptium-9C Interim Prograp T5% Lisrsting
AUTHORIZED FUNDS [ cqans 25 000 AEc S COST 4COMM.TO  5.° Jufi S 30% ™27
s L420.00C consT.S 1?25 Nrs {GE s Lon oo ESTIMATED TOTAL COST s Lo oo
STARTING |pESIGN RIS DATE AUTHORIZED Owf=80 EST'D: |pesign 2510 PERCENT COMPLETE
DATES CONST. 9euéc DIR. COMP. DATE E,Dluél ‘:::Tfr;:. coN,T,:mlaﬁ;‘_ WT'De | SCHED. |ACTUAL
ENGINEER DESIGN 100 “:-’_\ L/:.':
TEC - Z. Radow TITLE |
MANPOWER AVERAGE [ACCUM MANDAYS||GE- TIT. }1 . oon
FIXED PRICE AE- TIT, I §
COST PLUS FIXED FEE o L’:R, !
PLANT FORCES o AT CONST. 00 | - -
ARCHITECT - ENGINEER PF — L .
DESIGN ENGINEERING OPERATION CPFF ey e .
GE FIELD ENGINEERING Fp
SCOPE, PURPOSE, STATUS & PROGRESS
This projset woll aliow the separation of 3tz LB 3T manEslal [XOL FITArnTLINg
1ant waste Streams on Ar Antersm basis, apl Loy vIE the Convera.tn oF v+ Ect
;ez;chrka Blant Tor thiz Toamplss.
“+ i3 grei-fwgrad +hav vos wirk oo thaE exteptiors will be somn_sted by the eni
of <h.s rs g Terioi. Tho: prcjest will nc longer bE cenormad.

1230090
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SEMI—MONTHLY PROJECT STATUS REPORT TI HW-  2Q0A2
GENERAL ELECTRIC CO. — Fanfcri Laborator=2s l DAT‘E/ /6 _
PROJ.NG. TiTLE . FUNDING
JAE-9iL Rattlesrake Springs Radioecoiogy Facility =l
AUTHORIZED FUNDS [pgsign ¢ 3,)4_5.(:,* CAEC S 53.7CO COST 4 COMM 10 37 QuA” s £.75¢C
s "’_D_; 2Ce CONST. § zg}éoq t GE § 18 700 ESTIMATED TOTAL COST s A0
STARTING DESIGN o= o=01 DATE AUTHORIZED . 2=2Z=60 ggL‘g;.{ossmu Earwbl PERCENT COMPLETE
OATES | oust. T-o5=CLl | oim.comp, oate 10=31-61 [0ATEs |consT 12.1-61 wro: |scHeo. |ac
ENGINEER DESIGN 100 Nz .
FEC - OM Lyso TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS [{SETIT.41 | 217 NS
FIXED PRICE AE-TIT. |}
COST PLUS MIXED FEE T
PLANT FORCES CONST. 100
ARCHITECT=ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF i
GE MELD ENGINEERING FP
|
SCOPE, PURPOSE, STATUS &4 PROGRESS
Thiz project will allow perfcomancs of radioecological studies wmder Zcza_ environ
menta’l zoriitions. It comsists of constructing field facillitizs for tkiz purpose
The #2213 survey work i3 98% comrlate.
Fequisitions hkave besrn issued for equipment being par \,hawd by G. E.
% Bovay Ergineers.
PROJ. NO. TITLE FUNBING  winis
CAE-Q2£ Fa2i3 Recycie Filot Plant AVELL. *5 Tam
AUTHORIZED FUNGS | o "¢ [AEC s COST g COMM.TO 2_ 7 3 &" s Lt oorn
s 50.000 {CONST.S 1cs s ESTIMATED TOTAL COST $ £ ~rcoann
STARTING |pesign 2 ~o=Al DATE AUTHORIZED  Z.5_6] gé;g‘. DESIGN 2w RZ PERCENT COMPLETE
DATES CONST. DIR. COMP, DATE DATES |coONST. ;_;._.;méq WT'D. SCHED. | AC
ENGINEER DESIGN o | N5
TEQ - RW Dazo=2nzo TTLEL | ows T
MANPOWER AVERAGE [ACCUM MANDAYS||GE-TIT. 11} o |
FIXED PRICE AE-TIT. 11 | ‘
| cosT PLuUs FixeD FEE 1 ]
; PLANT FORCES | CONST. 100 ¢
f ARCHITECT ~ ENGINEER ‘ipF
" DESIGN ENGINEERING OPERATION 1’ CPFF i
15 GE FIELD ENGINEERING iFP i : .
1 | ‘ ! i
SCOPE, PURPOSE, STATUS & PROGRESS
LERULTE TTIU3
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SEMI -~ MONTHLY PROJECT STATUS REPORT

HW — ﬂgoﬁg

GENERAL ELECTRIC CO. —  Hapford laboratories DATE 3/321/61

PROJ.NO. TITLE FUNDING

TAZ-947 Field Service Center - Atmospheric Physics Ei-J
AUTHORIZED FUNDS |pesigN § "agc § COST & COMM TO $
s ICONST.S IGE s ESTIMATED TOTAL COST SW
STARTING |DESIGN D5=15=01% [ DATE AUTHORIZED ‘ E%L'EL.‘ pesien 9=1~O1¥ FERCENT COMPLETE
oA TES L:orqs-r. 10-15=~61% | oir. comp, DATE oates |const 2-1-62% WT'D. [SCHED. |ACTUAL
ENGINEER DESIGN 100

FEC - T Lioyd TE |

MANPOWER AVERAGE |ACCUM MANDAYS |{ GE=TIT.|

FIXED PRICE AE-TIT 1}
COST PLUS FIXED FEE .
PLANT FORCES | CoNsST. 100
ARCHITECT=ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FpP

SCOPE, PURPOSE, STATUS & PROGRESS
This project will provide faciliities necessary to conduct atmospheri:z vhysics

r2search and development programs.

The revised project proposal was transmitted to the AEC or 1/23/61. The proposai
kas been sent to Washington for approval.

A number of estimates of cost have been prepared for locating the structure at
ad Ign

various sites. Fall-out shelter and bomb-proof structures have been considered.
A recommendation will be presented to the AEC.

# Based on AEC authorization by 4/15/61.
- ]

PROJ. NO. TITLE FUNDING
JGE-918 | Second Whole Body Counter - Cell Addition - 747 Bullding 61 ]
AUTHORIZED FUNDS [ossmN $ [Asc $ COST & COMM, TD $
s | const.s lee s ESTIMATED TOTAL GOST s 113,CCC
STARTING [pesign G=i-61% DATE AUTHORIZED E:’:"g“_. pesign 9=1-01% PERCENT COMPLETE
DATES | onst, 1-1-62 DIR. COMP. DATE DATES |cONST. Q-] (22 WT'D. |ScHED.|acTuAL
ENGINEER DESIGN 100
. FEO - H. Radcw TITLE |
MANPOWER AVERAGE [ACCUM MANDAYS||GE- TIT, 1
FIXED PRICE AE-TIT.I | L
COST PLUS FIXED FEE |
PLANT FORCES CONST. 100
ARCHITECT - ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP
I |

SCOPE, PURPOSE, STATUS & PROGRESS
Teis project will provide a second whole body monitoring c2.l in +he 747-A Builling
g A

tc increase the czapacity of the Whole Body Tounter Facility *o mese* projected needs.

Ihe projeet prcposal was submitted to the Jommission on l£/9/6CF ani 13 being

# Assuming AEC authorizatioz by 5-1-FL.

1230092
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SEMI —MONTHLY PROJECT STATUS REPORT HwW- 29042
GENERAL ELECTRIC CO. — HFanford Laboratorias DATE 3/3y6l
PRGJ.NO. TITLE FUNDING
TAE-319 Al Cordi=ioning - 314 Building 6]
AUTHORIZED FUNDS | pgsiGN § aEc S COST & COMM. TO s
s consT. $ t e S ESTIMATED TOTAL COST $T 35 700
STARTING DESIGN S===OL OATE AUTHORIZED AN loEsion 5=5-61 PERCENT COMPLETE
DATES | o sy, +-10L-51 DIR. COMP, DATE “Joates {const. £-3C-61 [ wrio. [scuep. [
ENGINEER OESIGN [ 100 | +
FEC - OM Lyso TTLE || T !
MANPOWER AVERAGE |ACCUM MANDAYS |[{ GE-TIT.i | | I
Fixeo emice AE=TIT. 1} _
COST PLUS FIXED FEE
PLANT FORCES CONST. 100 o
ARCHITECT- ENGINEER PF ;
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP :

SCOPE, PURPQSE, STATUS &4 PROGRESS
This projest will supplemert existing cooling units., thus proviling ccoilng air
sapply commensurate with heat Icad and outicor tamperat-ir:2s.

The pro;eﬂt proposal was approved by EOO-AEC on 3-2-61.
*rective has heen rsceived but no work will be started unmtil “ev aw by the GE (o
has been mede regarding the AEC’s proposed Change in Metheds of Performing Work

PRQJ. NO, TITLE FUNDING

drological Wells - TV-61 6]

ﬂ

AUTHOR " -
IZED FUNDS [ Gn s 1,000 fAsc s 69,500 COST & COMM. TO H
s 79,000 const.s 62,20C0 lee s 9.50¢ ESTIMATED TOTAL COST s it
STARTING [pesigy  L=15-61  [PATE AUTHORIZED  3_27] .6 EsTO. cEsignS =156 | PERCENT Icoum.s-rs
pavEs consT. S5=1-AL DIR, COMP. DATE DATES |CONST. D3 nb] WT'D. | SCHED.|AC
ENGINEER DESIGN 100
FEO - HE Ralph e 7
MANPOWER AVERAGE |ACCUM MANDAYS|IGE-TIT. I | ! '
FIXED PRICE ; AE=TIT. 1) ‘ N
COST PLUS FIXED FEE i’ i ' T
i .l .
PLANT FORCES | HCONST. 1 1p9p | .
ARCHITECT ~ ENGINEER ‘ ilmF : i
|
DESIGN ENGINEERING OPERATION i CPFF ! |
GE FIELD ENGINEERING ‘ iLFP 1 4
i 1 t
“ i i

SCOPE, PURPOSE, STATUS & PROGRESS

ko2 project invoives the ceztinued 4riiliing of special rassarch. test azi
monitoring wells.

Dirsctive was issued March Zi. 196..
Work Authority was issued Mar-h 24, 1961,

Rii opening schzdul:l for April 11, 1761

1236693
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irradiated zirzonium tubing.
now availablie becsuse of the limited opera
tubing in reactors.

Thiz project will provide facilities to permit deliberate destructive
This will provide operating and w.bz 1if
ting history of Zircaloy-: Dpre

SEMI — MONTHLY PROJECT STATUS REPORT - AODAZ
GENERAL ELECTRIC co. — zanford laborateries DATE 3/3:/€62
PROJ.NOC. TITLE FUNDING
TGE-~922 | Burst Test Facility for Zir-oniur Tubes 6=}
AUTHORIZED FUNDS [pesiGN § AEC § COST & COMM TO s
s CONST. S i GE § ESTIMATED TOTAL COST L= Wodls
STARTING |DESIGN DATE AUTHORIZED ESOLEL OESIGN PERCENT COMPLETE
DATES 4&0"“_' DIR. COMP. DATE DATES | consT WT'D: |SCHED. |ACTUAL
ENGINEER DESIGN 100
FECZ ~ E. Radow TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS || GE-TIT 0
FIXED PRICE AE-TIT. 11
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT-ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING Fp
SCOPE, PURPOSE, STATUS & PROGRESS
.Fﬁ

The project proposal was submittzd tc the Commission Marzh 17, 1961. ari sing
returned unapproved.
PROJ. NO. TITLE FUNDING
09Z-923 Spectroscopy Laboratory 2
AUTHORIZED FUNDS [ossncN s L|.’ 500 fAEc s COST & COMM.TO 2=’ Q=B £.372
$ 95,200 hous*r.s 90,500 lGE s 95,00C ESTIMATED TOTAL COST s 95 .7CC
STARTING [pesign 5=22=01 DATE AUTHORIZED  3=0-61 oL, pestanC=1=HL [ PERCENT COMPLETE
DATES ‘cous'r.6=l-6l DIR. COMP. DATE 11,_‘1_5,6]_ DATES coNs-r,;_lu]_k61 WT'D- SCHED. [ACTUAL
ENGINEER DESIGN 100 NS -z
TEQC - RT Ingersol: TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS|IGE-TIT. |1 N3 1
FIXED PRICE AE-TIT. I
COST PLUS FIXED FEE !
PLANT FORCES i CONST. 100
ARCHITECT - ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING Fp

2-9-AL.
Wexrk Rele
.21 61

SCOPE, PURPOSE, STATUS & PROGRESS

This rFrojzct

ase AuthorZzation WRA No. 67 was i
Equiprart spscifications are hsin

123009y

will provide a facility for specialized 872 2tr0820DY WOXK.

~hs proposal was approvad by thk2 Jomrizeion 2-2-6L. The Dirsctive was l3au=i
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SEMI - MONTHLY PROJECT STATUS REPORT HW- AG0AZ
GENERAL ELECTRIC co. — =anford Laboratorizs DATE 3/92 /63
PROJ.NO. TiTee FUNDING
533-92L 207 KW Tnduction Eeating Systam - 306 Building ' 0Z9D
AUTHORIZED FUNDS [pgsiaN § CaEC $ COST & COMM TO s
s CONST. § l GE S €STIMATED TOTAL COST s E sl
STARTING [pEsign S~i=-CoF DATE AUTHORIZED e T.eL . |pEsIGN 3L RERCENT COMPLETE
DA TES LON,T. Falabliit DIR, COMP. DATE oATES | consT-QulF it WT'O. |SCHED. [AC
ENGINEER DESIGN 100 !
FEQ - RC Ingsara2 TITLE
MANPOWER AVERAGE [ACCUM MANDA YS (| GE-TIT.1 |
FIXED PRICE AE=TIT. 1) N
COST PLUS MIXED FEE
PLANT FORCES CONST, 100
ARCHITECT-ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

224y &F Jg glitf; rov‘ae a scurce of power for inducticn h=avting for R & I work

Dirzctive Las beer recsived buat nc work wili be startzd astil szwizw by the GE Zo
has beern mad: »e2garding the AET's propcsed change in Msthols of Z:zrfeom ng Werk.

# Based on ac:ettance of a Dirsctive by L-l15-A1.

2 . - . - FUNDING
PROJ. NO. TITVE AddisZorns £o the 271~ Buiiding Waste Ioatment !
CGE-92T Demc:straticn faci.igy _ Qi j
- S e
UTHORIZED FUNDS (o:slcu s iAEC s cosT &comn. ro s
S 1 CONST. S lcz S ESTIMATED TOTAL COST S
STARTING [pesign  5e=l=f_ 3 |DATE AUTHORIZED B BL.DESIaN [ N _PERCENT [comm.zfz
DATES ‘,C°N"_ 5_lm6_.-,, DIR. COMP, DATE DATES |consT. 1. . & % WT'D. | SCHED. AC
ENGINEER DESIGN 100
FEC - KA Tlaxk TITLE | |
MANPOWER TAVERAGE |ACCUM MANDA YS{|GE-TIT, | | | i
FIXED PRICE AE- TIT. 1} ‘ !
COST PLUS FIXED FEE ' ‘ -
| i
PLANT FORCES ! coNsT. | yoq ;
ARCHITECT = ENGINEER ‘ PF I
DESIGN ENGINEERING OPERATION ; CPFF 1 \
GE FIELD ENGINEERING i i FP ; ;
I |
: !
SCOPE, PURPOSE, STATUS & PROGRESS
for i .om t.aar 1svsosTr=nt of d=ziontarnaticn
chem-za_ procisz_cg z.3ans wast2s fo- 3a3f-

[t PPN S v ——n e o m Jrere w3 3 R rale - - -
_aZ frojerlv ZromiFal was 3ubxico:l oto ECT-AET Jr T4l
<= Ba-/a ~r oy S e cy -

I MM AuTiso_zatitn BV o< -4l




UNCLASSIFTED I-1 EW-69062

PROFESSIONAL PLACEMENT AND
RELATIONS PRACTICES OPERATION

MONTHLY REPORT

COMMUNTICATIONS

Prepared press release on Dr. D. W. Pearce's appointment to IAEA. 1In addition,
participated with Relations Operation in the preparation of four additional
releases: 1) Fuels Fabrication Development Addition, 2) Dr. Bennett's ACS
speaking tour, 3) River Monitoring Staticn, ané 4) B. Brenden's technical paper.

EMPLOYMENT (Professional)

Advanced Degree - TFourteen Ph.D. candidates visited HAPO for professional em-
ployment interviews. Three offers were extended; one acceptance and two rejec-
tions were received. Current open offers total three. Recruiting trips tc four
universities occurred. .

BS/MS - Eighty-eight applicants were considered, 51 offers were exitended, 8
azceptances and 16 rejections were received. Current open offers total 98.

Iechnical Graduaste Program - Six Technical Graduates were placed on permanen*
assignment during the month; four others terminated from HAPO rolls. Currenst
program members total 51.

Information meetings were held in each department at HAPO concerning the "A"
Course *o be held this fall.

EMPLOYMENT (Ncn-professional)

Nine requisitions were filled during the month with a total of 1l active rzquisi-

tions remaining to be filled.
IER A

0. E. Bos*ton, Manager
Professional Placement
and Relations Practices

OEB:1mh

1230096
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UNCLASSIFIED . I-2 ' HW-69062

TABLE II NONEXEMPT EMPLOYMENT

Nonexempt Employment Status Feb. Mar. Nonexempt Transfer Request Feb. Ma..
Requisitions Transfers
Active at end of month 11 23 Active cases at end of mo. 75 60
Cancelled 1 2 Cancelled 2 21
Received 9 23 New : L 9
Filled 5 9 Effected 6 4
Hold 9 9

1230097 UNCLASSIFIED
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UNCLASSIFIED

TABLE IIT. PROFESSIONAL PERSONNEIL PLACEMENT

b, Technical Recruiting Activity - HAPO - September 1, 1960 to date

Visits to Richland

Offers
Cases To On the
Considered Invited Visited Visit Extended Accepted Open Roll
PhD 460 133 L1 38 20 5 3 2
Exp. BS/MS 325 Ly 28 - 31 17 8 7
Prog. BS/MS 293 - - - 1k ok 106 L4
B. Technical Recruiting Activity - HL - September 1, 1960 to date
Visits to Richland Offers
Cases To On the
Considered Invited Visited Visit Extended Accepted Open  Roll
. PhD Leo 133 bl 36 15 L 3 2
Exp. BS/MS - 18 11 - 12 6 ~ -

In addition to the above activity, 9 exempt
employees have transferred into HL from
other HAPO departments and 8 technical
graduates have accepted off-program
placement in HL to date.

UNCLASSITFIED
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UNCLASSIFIED S 1 HW-65062

C - Technical Graduate Program
Month ending March 31, 1961

* Number Personnel on Assignment 51
(HAPO Tech Grad PTOGra8m .........coecouven 47
(Engineering & Science Frogram .......... L

Distribution of Assignments by Departments

IPD 20
HL
FPD
CFD
C&AO
CE&UC

'™
N OV

Distribution of Assignments by Function

Research & Development or Engineering 35
Other : 16

1230069 UNCZASSIFIED




UNCLASSIFIED J-1 HW-69062

FINANCIAL OPERATION MONTHLY REPCRT
MARCH 1961

Personnel

Effective March 1, 1961, the six exempt personnel doing technical administration

in the research operations were transferred into the Financial Operation. A

mumber of financisl positions were revised due to a re-aligmment of responsibilities.
Mr. E. B. Hutchins was transferred from Contract and Accounting Operation to Hanford
Laboratories Financial Operstion as Specialist - Auditing and Economic Evaluations.

Activities

GENERAL ACCOUNTING

Following is a schedule of approvel letters in the hands of the Commissicn or which
have been submitted to them and the current status of each letter:

NMumber Title , Status

AT-104 Fission Products Dispersal Submitted to Commissicn but
Handbook not yet approved

AT-105 Symposium on the Biology of : Submitted to Commission but
the Trensuranic Elements not yet approved

AT-140 Nationdal Academy of Sciences - Submitted to Commission but

National Research Council - Advisory not yet approved
Committee on Civil Defense

AT-149 Recruiting Practices In process

Travel activity is now running slightly ahead of last fiscal year with 942 trips
started compared with 887 last fiscal year. At the end of March last year, $11,200
had been experded for travel to professicnal and trade society meetings. This
represented 25% of the $44,000 budget for the fiscal year (it should be remembered
that $15,000 was added to this budget in March 1960, which accounts for the
relatively low percentage expenditure). Fiscal year 1962 tc date expenditures
total $25,000, or 39% of the yearly budget of $64,500. Travel activity for the
balance of the year will probably increase substantially in keeping with seascnal
trends.

Project CAH-878 - Additional Facilities for Isctope Study oz Animals, 141-C Building
Addition valued at $63,767 was unitized and a unitization report will be issued in
April.

Preliminary unitization work was perfcrmed on the fellowizg projects:

{230100 UNCLASSIFIED




UNCLASSIFIED o g-2 HW-69062

CAH-86k4 Shielded Animal Monitcring Station - 100-F Area
CGH-T85 In-Reactcr Studies Equipment - 105 KW
CGH-805 High Temperature Tensile Testing Cell - 327 Building
CGH-819 Increased Laboratory Waste Facilities

CGH-864 Shielded Animal Monitoring Station

The physical inventory of movable cataloged equipment in the custody of Reactor
and Fuels R&D Operation began March 13, 1961. This inventory, which is proceeding
on schedule, will be completed in June 1961. .

The field count in connection with the physical inventory of Cold Semi-Works -
321 Facilities is complete and reccnciliation by C&AO of the inventory results is

in progress.

Letters of instruction were issued to the field regarding the quarterly inventory
of Other Special Materials at March 31, 1961, and the new certification type
inventory. Comments from the field have been very favorable to this type of
inventory and C%AO Property Management is considering adopting our new method
HAPO-wide.

Sixty-five new items valued at $24,807 were received at the Laboratory Equipment
Pool during the month. Seven items valued at $11,001 were withdrawn by custodians
and 17 items valued at $3,866 were disbursed in lieu of placement of requisitiocrs.
Four items velued at $2,575 were excessed. There are currently 508 items valued
at $224, 779 located in the Equipment Pool.

Reagtor and Other Special Materials on hand at mcnth end consisted of the follcwing:

Beryllium 1 221 gr. $ 696
Gold 2 228 gr. 2 987
Palladium 2 377 er. 2 710
Platimm 5 230 gr. 15 221
Silver 2 413 gr o7
Zirconium:
Izventory Stock 3 228 1b. 70 703
R&D Stock 607 1b. 9 11k
Scrap 10 127 1b. -0-
$101 528

One purchase requisition for 551 gr. cf platinum valued at $1,A03 was cancelled azd
the material was furnished from existing stock at the Equipment Pacl.

Of the 4,240 gr. of platinum scrap made available to the AEC for shipment cff-site
2,312 grs. of uncontaminated platinum valued at $6,681.68 was transferred tc the
AEC New York Operaticns Office. The balazce cf material, which is contaminared,
will be held until we receive additiomal shipping instructicns. The lccal
Commission advised this material will not te skipped until aprrcximately

September 1961.

Action as irdicated cccurred on tke following projects during nhe montk:

1230101 UNCLASSZFIED
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New Funds Authorized toc HLO

CGH-858
CAH-896
CAH-921
CCH-923

J-3
High Level Utility Cell $330 000
Stress-Rupture Testing Facllity 500
Geologicel and Hydrologlcal Wells-FY 1961 9 500
Spectroscopy Laboratory 95 000

Physical Completion Notices Issued

CAH-T47

Plutonium Fabrication Pilot Plant

Construction Completion and Cost Closing Statements Issued

CA-Thh

Metallurgical Development Facility - 306 Building

HW-69062

Section Mansgers have been requested to project their expenditures of funds from
Equipment Not Included in Construction Projects Budget for the balance of FY 1961.
Information gained will be used to effect a reallocation of aveilable funds where
posgible in order that HLO may realize maximum utllization of these funds for

required equipment.

COST ACCOUNTING

The Hanford Laboratories operating cost control budget was adjusted in March to
include additional funds authorized in the recent revision of the AEC Financial
Plan dated March 6, 1961, and the revised allocation of funds by the General

Manager - HAPO, dated March 28, 1961, as follows: :

Increase
: (Decrease)
Ot Program Research and Development
Plutonium Recycle Program $140 000
Swelling Studies Lo 000
U0y Fuels Research (40 000)
06 Program Research and Development
Radiological Physics and Dosimetry 30 C00
02 Program Production
Fabrication of DMA Elements 10 000
Safeguards Design Review (35 000)
Strontium-90 Purification (from CPD) 100 000
Off-Site Customer Requests
Fabrication of Birch Elements 60 000
Atmospheric Diffusion Studies (USAF) 27 000
Other Requests (budget reconciliation) (% 000)

Hanford Laboratories also received an additional $100,000 in Ok Program Equipment
funds for FY 1961, thus bringing total O4 Program Equipment authorization to
$985,000, including $170,000 for Strontium-90 Program and $7,000 reallocation to
the Chemical Processing Department.

Preparation of the Budget for FY 1963 and Revision of Budget for FY 1962 is near-

ing completion.

The most noteworthy accomplishment in March was the review cf

Ok Program R&D Bropcsals with Washington-AEC and the subsequent revision of the
proposals. Reproduction and assembly of the prorcsals remains to be ccmpleted.

1230102
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Considerable effort this month was devoted to the recasting of budgets and conve
sion of codes on outstanding cost documents to reflect organizational changes
effective 3/1/61 in the Radiation Protection, Laboratory Auxiliaries, Physics and
Instruments R&D and Financial Operations.

Special requests received during the month were as follow:

1. Authorization in the amount of $190,000 from the U.S. Air Force to perform
' atmospheric diffusion studies at Cape Canaveral, Florida, and Vandenberg AFB,
California. .

2. Authorization in the amount of $55,000 from the U.S. Air Force to perform
atmospheric diffusion studies at Edwards AFB, California.

3. Provide consulting assistance to GE-APED concerning inert welding problems.
Estimated costs are $1,000.

L. Authorization in the amount of $3,600 from GE-ANPD to provide for the x-ray
diffraction of irradiated materials in the Radlometallurgy Leboratory. This
authorization was subsequently cancelled by ANPD. Work had not started on
this Job nor were any costs incurred.

Instructions were prepered and submitted to the other HAPO components requesting
information on professional recruiting activities and related costs. Information
will be prepared on a quarterly basis by Hanford Laboratories, covering all HAPO
activity.

A new procedure has been established for reproduction and distribution ¢f purchase
orders originated by Hanford Laboratories. Vellum masters will be mailed by
Purchasing Operation directly to FPD Duplicating who will reproduce copies and
distribute them according to instructions. More prompt distribution of purchase
order copies will be realized by this method.

Arrangements were finmlized with Contract and Accounting Operation to issue
reports by data processing techniques concerning the work activity of all Harford
Laboratories personnel.

GENERAL
Payroll Statistics
Number of HLO Employees Nen-
Changes During Month Total Exempt Exempt
Employees on Payroll at Beginning of Month 1371 648 723
Additions and Transfers In 12 5 7
Removals and Transfers Out 2z 12 _10
Emplcyees on Payroll at End of Mcnth 1 361 61 720
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Overtime Pgyments During Month March Fep;gggz
Exempt $ L4 622 $ 7 108
Nonexempt 22 004 1 748

Total $ 26 626 $ 21 856

Gross Payroll Paid During Month

Exempt 576 812 $567 105
Nonexempt 466 797 367 505
Total $1 ok3 609 $o34 610
Participation in Employee Benefit
Plans at Month End Mexch February
Number Percent Number Percent
Pension Plan 1215 99.3 1217 99.3
Insurance Plan
Personal Coverage 371 99.9 383 99.8
Dependent Coverage 982 081
U.S. Savings Bonds
Stock Bonus Plan 65 32.7 68 3k.5
Savings Plan 84 6.2 83 6.1
Savings and Security Plan 1 Oko 90.3 1 051 89.5
March February
Insurance Claims Number Amount Number Amount
Employee Benefits
Life Insurance 0 0 0 $. 0
Weekly Sickness and Accident 7 582 21 197k
Comprehensive Medical 95 7 089 91 6 256
Dependent Benefits
Comprehensive Medical 2ko 14 909 190 9 958
Total 42 $22 580 302 $18 188
Good Neighbor Fund March February
Number Participating 929 933
Percent Participating 68.3% 68.1%

e

W Sale
Manager - Finance
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expecte. to

result in inventions or discoveries advise that, to the best of their knowledge

and belief, no inventions or discoveries were made in the course of their

work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,

notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR

E. A, Smith

T. D. Chikalla
H. L. Libby

J. T. Russell
L. K. Mudge

F. A. Scott

V. P. Kelly

C. A, Rohrmann

1230105

TITLE OF INVENTION OR DISCOVERY

A Detector for Flaws and Non-Bonds
in Zircaloy Fuel Element Closures

A Metho¢ for Evaluating In-Reactor
Mecss Transfer and Densification of
Ceramic Fuels Materials - HW-6278",
March 92, 1661

Segmental Time Reversal Device

Electrolytic Preparation of Large UOq
Crystals

Electrolytic Preparation of UOg
Ceramics

A Variable-Stroke Reciprocating
Drive Mechanism with Rotary to Lineax
Motion Conversion

An Electrolytic Process for Preparing
Uranium Hexafluoride
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